BACTERIOLOGICAL ASPECTS OF GASTRO-ENTERITIS IN 
INFANTS 


by ROSE MUSHIN 


(From the Schocl of Bacteriology, University of Melbourne). 
(Accepted for publication 8th March, 1950.) 


A bacteriological investigation was made of cases of gastro-enteritis in a 
children’s hospital in Melbourne, the survey covering a period of twenty-two 
consecutive months. Hitherto studies on intestinal infections in Australia con- 
centrated mostly on the isolation of recognized pathogens, namely Shigella and 
Salmonella. Shigella strains were reported from various cities, e.g. by Litch- 
field and Hipsley (1905), Harper (1932) quoting Tidswell’s findings from Syd- 
ney; Forsyth (1911, 1914), Patterson and Williams (1921, 1922); Nelson 
(1932), McKee and Burnet (1932) from Melbourne; Beare (1923) from Ade- 
laide. Salmonella types also received attention as being of etiological signifi- 
cance and reports included the isolation of Gaertner-like bacilli by Forsyth, 
(1911, 1914) and other strains by Patterson and Williams (1921), Harper 
(1932). In more recent years a number of workers contributed further to the 
study of salmonellosis and shigellosis in this country (Atkinson and Woodroofe, 
1944; Atkinson, Woodroofe and Macbeth, 1944, 1947, 1949; Draper, 1944, 
1945; Mushin, 1948; Mackerras and Mackerras, 1949a, 1949b). 

However, the frequent failure to isolate organisms of accepted pathogenicity 
from eases of gastro-enteritis made it evident that some infections should be 
attributed to other agents. This communication reports the isolation and classi- 
fication of recognized intestinal pathogens of Salmonella and Shigella species 
but at the same time places emphasis on the réle of other Gram-negative non- 
and late-lactose fermenting bacilli in the causation of gastro-enteritis. The 
most frequently recovered types in this group proved to be Proteus and para- 
colon strains and these were studied in more detail. In addition, a bacteriologi- 
eal survey was made of Gram-negative non- and late-lactose fermenting bacilli 
appearing in the stools of normal children. 


Survey or CiinicaAL AND NorMaw Cases. 
Clinical Group. 

The majority of the investigated cases were children admitted to the hospital with primary 
diagnosis of gastro-enteritis, while the remaining patients either contracted the illness in the 
institution or were close contacts in the wards and suspected of being carriers. In all, 470 
children were examined. Distribution into age groups showed that most patients (81 p.c.) were 
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under 1 year of age, while a small group (12 p.c.) comprised infants between 1 to 2 years old 
and the remaining children (7 p.c.) were under 12 years of age. The patients were, as a rule, 
artificially fed. 


Control Group. 


The control group was represented by 115 children who attended local health centres. The 
infants were predominantly under 1 year of age (86 p.c.) and 14 p.e. were between 1 to 2 
years old. Some babies were breast-fed (19 p.c.), others received complementary food and the 
older ones were on an educational diet. 


EXPERIMENTAL. 
Material and Methods. 


The clinical material submitted for examination comprised 634 faecal specimens and occa- 
sionally also blood samples for serological tests. The normal material consisted of 115 faecal 
samples. 

All faecal specimens were placed in a buffered 30 p.c. glycerin-saline preservative solu- 
tion. The media employed for the isolation of the causative agents of gastro-enteritis included 
the following: MacConkey agar, plain desoxycholate agar, SS medium, tetrathionate enrichment 
broth followed by SS agar and occasionally other selective media, namely Wilson and Blair’s 
bismuth-sulphite agar for the recovery of Salmonella and Gregory’s modification of Wilscn and 
Blair’s tellurite-iron-rosolic acid medium for detection of Shigella strains. (The references 
for these media were given in a previous publication, Mushin, 1949.) 


GENERAL RESULTs. 


Table 1 shows the frequency of isolation of Gram-negative non- and late- 
lactose fermenting bacilli from normal and abnormal material. 


TABLE 1. 


Frequency of isolation of Gram-negative non- and late-lactose fermenting bacilli from abnormal 
and normal stools, 
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| | | 71 | ae 
Abnormal 634 421 , 66 | 213 | 34 152 24 | 361 57 
Normal 115 44 | 38 | 71 | 62 0 0 | 651 44 
| | | 
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A higher percentage of isolations (66 p.c.) was obtained from gastro- 
enteritic than from normal stools (38 p.c.) but whereas in the clinical group 
recognized pathogens (Salmonella and Shigella sonnei) were responsible for 
24 p.c. of isolations and other Gram-negative bacilli for 57 p.c., in the normal 
group the figures were 0 p.c. and 44 p.c, respectively. With regard to the 
macroscopic appearance of the stools, mucus was frequently observed in speci- 
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mens from normal children, thus making its presence in pathological material 
of no special significance. 
TABLE 2. 


Classification of Gram-negative non- and late-lactose fermenting bacilli from 634 abnormal 
stools representing 470 clinical cases. 


Classification of strains No. of eases; P.c. of eases | No. of isolations | P.c. of isolations 
Salmonella 107 22-8 | 134 21-1 
Shigella sonnei 15 3-2 18 2-8 
Shigella dispar 3 0-6 3 | 0-5 
Shigelia non-mannite fermenters 1 0-2 1 0-2 
Proteus 188 40-0 213 33-6 
Paracolon | 114 | 24-3 134 | 21-1 
Pseudomonas pyocyanea 7 1-5 | 7 | 1-1 
Bact. alcaligenes faecalis 2 0-4 2 | 0-3 
Klebsiella pneumoniae 1 | 0-2 1 | 0-2 

| 


TABLE 3. 


Classification of Gram-negative and non- and late-lactose fermenting bacilli from 115 normal 





stools. 
Classification of strains No. of individuals | No. of isolations | P.c. of isolations 
——— se ee | won | | 
Proteus 30 | 30 26 
Paracolon 21 | 21 18 
Others non- and late-lactose | 
fermenting bacilli 0 0 | 0 


' 
_ Pay FNS, = i | 





Tables 2 and 3 give a survey of the isolated organisms. It is shown that 
Proteus and paracolon types were found in specimens from clinical and normal 
cases but the pathological material harboured additional strains, namely Sal- 
monella, Shigella, Pseudomonas pyocyanea, Bact. alcaligenes faecalis and Kleb- 
siella pneumoniae. Proteus was encountered in the abnormal material in 
40 p.c. of cases and in normal specimens in 26 p.c., thus the incidence of 
Proteus was shown to be higher in gastro-enteritic stools. Paracolon bacilli 
were isolated from 24 p.c. of clinical cases and from 18 p.e. of normal indivi- 
duals, the difference being of no statistical significance. Most of the stools 
contained only one species of Gram-negative bacilli but in some faecal contents 
two or three species were represented, e.g. Salmonella, Proteus and paracolon 
strains were encountered in some pathological samples. 

A high percentage of Salmonella cases, namely 23 p.c. was recorded 
(Table 2) but it should be pointed out that the majority (14 p.c.) was due to 
an outbreak of Salmonella derby cross-infection within the hospital. Six cases 
of Salmonella anatum and eleven cases of Shigella sonnei infection formed two 
minor outbreaks. 
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The different groups of isolated bacteria will be discussed in more detail 
under separate headings. 


SALMONELLA INFECTIONS. 


In a previous publication (Mushin, 1948) the technique of isolation and identification of 
Salmonella bacilli was discussed, the most satisfactory method for isolation being the use of 
tetrathionate broth as a preliminary enrichment medium with subsequent cultivation on SS 
agar. The typing of cultures followed closely the procedure recommended by Edwards and 
Bruner (1942). 

In Table 4 the identification of the isolated Salmonella strains is shown. 


TABLE 4. 


Classification of 107 Salmonella cases. 


| | 





Species No. of eases | P.c. of cases 
| | 
S. derby | 68 64 
S. typhi-murium | 25 23 
S. anatum } 6 6 
S. bovis-morbificans 4 | 4 
S. newport 2 | 2 
S. newington l | 1 
S. worthington 1 1 








Comparison with other surveys conducted in Australia (Atkinson and Woodroofe, 1944; 
Atkinson et al., 1944, 1947, 1949; Mackerras and Mackerras, 1949a, 1949b) indicated that all 
our listed species were previously recorded and also that the predominance of sporadic cases 
of S. typhi-murium was observed. Prior to our own production of diagnostic sera, Miss Atkin- 
son and her associates kindly typed some of our Salmonella cultures included in Table 4 and 
these species were described in their publications. The strains typed by the above workers are 
here enumerated: S. derby (7 strains), S. typhi-murium (9 strains), S. bovis-morbificans 
(1 strain), S. newington (1 strain) and S. worthington (1 strain). 

The following notes are of interest with regard to species isolated in our laboratory. 


&. derby. 


The outbreak due to this organism was discussed in detail in two separate publications 
(Mushin, 1948; Rubbo, 1948). Sixty-eight patients were found to harbour this organism which 
was also recovered from samples of dust, collected in the hospital ward, from a mouse trapped 
in the ward and from a hand towel used by the nurses. The occurrence of S. derby H anti- 
bodies in the sera of the affected babies was also described in our previous publication. 


S. typhi-murium, 

The clinical picture with this type of infection varied from mild to severe gastro-enteritis, 
the acute illness being often accompanied by passage of blood in stools. Classification of the 
25 strains on the basis of presence of somatic factors showed the following antigenic pattern: 

12 strains contained factors I, IV, V 


1] strains contained factors IV, V 
2 strains contained factors IV 
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A variability was noticed with regard to the presence of somatic factor I in several strains, 
as some subcultures contained factor I while others were devoid of this fraction. The two 
strains of 8. typhi-muriwm which contained only factor IV as somatic antigen were anaerogenic 
on primary isolation. 

With regard to recovery of S. typhi-muriwm it may be added that this strain was also 
isolated from a mouse trapped in the ward, thus demonstrating once again the possibility of 
animal reservoir within the hospital. 

Blood specimens from a few patients with S. typhi-murium infection were obtained one to 
two weeks after the onset of symptoms. Numerically the results were not significant enough to 
warrant tabulation but sufficient to note that in the sera of these infants specific-phase anti- 
bodies were absent while the titre for group phase agglutinins varied from nil to 1/1,280 and 
for somatic antibodies from nil to 1/80. 


S. anatum, 


In this series of infections six cases represented a small outbreak in the hospital, involving 
infants from 5 weeks to 17 months of age. The clinical picture varied from diarrhoea to 
gastro-enteritis with vomiting and blood in stools. 

The remaining cases, namcly S. bovis-morbificans, S. newport, S. newington and S. worth- 
ington were sporadic in appearance. S. worthington strain (typed by Miss Atkinson and her 
colleagues) was reported in Australia for the first time (Atkinson et al., 1949). The baby 
harbouring this organism was only 1 week old and died. 

It is of interest to comment on cases of infantile gastro-enteritis which were diagnosed 
outside the hospital but which occurred at the same time as those admitted to the hospital. 
Only a small number of faecal specimens was obtained for examination and the following four 
strains of Salmonella were detected: 


S. typhi-muriwm IV, V; S. typhi-murium I, IV, V; S. worthington; S. oregon. 

The rarely occurring S. worthington was encountered for the second time within 3 weeks. 
This case came from a baby with gastro-enteritis in a maternity ward in a small private hospital 
and the organism was recovered from three out of four faecal specimens obtained from the 
infant within ten days. Search for carriers amongst the nurses gave a negative result. 

S. oregon is of interest in being the first one reported in Australia, although the closely 
related strain, S. muenchen, was previously encountered (Mackerras and Mackerras, 1949b). 
S. oregon was first described by Rubin (1940) as a variant of S. muenchen. However, Edwards 
and Bruner (1941) admitted this strain as a new member of the Salmonella group. The clinical 
picture of the patient was diarrhoea, vomiting and headache. 


SHIGELLA INFECTIONS. 

The prominent group in this series had infections due to S. sonnei. In all, 15 cases of 
S. sonnei were diagnosed and these fell into two groups. The first group consisted of 11 cases 
which occurred in winter and beginning of spring and these cases were apparently due to cross- 
infection in hospital, while the four remaining were of a sporadic character. Seven of the 
patients were less than 1 year old and the others were between 1 to 4 years of age. In most 
cases the infection was superimposed on other illnesses, two deaths being brought to our notice. 

During the outbreak of S. sonnei it seemed advisable to determine whether nurses on duty 
in the affected ward were subject to the infection, especially since some members of the staff 
complained of mild diarrhoea or abdominal colic. Faecal specimens were obtained from 19 
nurses and three of them were found to harbour the causative organism. Apparently the 
nurse-patient contact was sufficient to keep the infection smouldering for a period of two 
months. 
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Sera from four patients with S. sonnei infection were available for agglutination tests. 
Formolized suspensions prepared from freshly isolated strains served as antigens and agglu- 
tination titres from 1/640 to 1/1,280 were recorded. This confirms the necessity of employing 


suitable sensitive suspensions of S. sonnei for serological tests in contrast to suspensions derived 
from old stock strains which usually give negative results or reactions of a low titre (Kristen- 
sen and Thorborg, 1945). 

An interesting feature of the S. sonnei isolations was to be found in the method of isola- 
tion and identification. All the eighteen strains were recovered from the less selective media, 
namely MacConkey or plain desoxycholate agar, and eleven of these strains appeared also on 
SS plates, while tellurite-iron-rosolic acid medium suppressed this organism entirely. Two 
distinct types of colonies were noticed: (a) with an undulate edge, (b) with a more regular and 
oceasionally entire edge. It was observed that on primary isolation many strains were 
inagglutinable with our diagnostic serum supplied by the Commonwealth Serum Laboratories. 
A similar experience was reported by Draper (1945). On the other hand, positive serological 
results were obtained when suspensions for agglutination tests were prepared from a few days 
old growth on agar slope or from subeultures of this growth. Further observations were made 
which established that suspensions prepared from the entire-edge type of colonies were 
inagglutinable while suspensions from colonies with the undulate edge gave positive reactions. 
Consequently, a serum was produced by immunizing a rabbit with a freshly isolated strain of 
S. sonnei derived from the regular type of colony, using an agar culture suspended in normal 
saline, heated at 56°C. for 30 minutes and formolized. The antiserum proved suitable for 
our diagnostic procedure giving a low 1/640 titre with cultures derived from the entire-edge 
type of colonies and a high 1/5,000 titre with cultures grown from the undulate-edge type. 

Preliminary tests were carried out to ascertain whether the two types of colonies repre- 
sented two serologically distinct phases (Wheeler and Mickle, 1945) or were associated with 
a diphasic variation, as suggested by Glynn and Starkey (1939). A third possibility, however, 
may be considered, namely of a surface antigen, similar to Vi antigen, which causes somatic 
inagglutinability of strains. It is 
remains that many diagnoses of S. sonnei infections may be missed by the use of sera and 
suspensions prepared from frequently subcultured strains. 


as yet undecided which explanation is correct but the fact 





Few other organisms beside S. sonnei were listed in the Shigella group (Table 2). These 
types were repeatedly tested for lack of motility by serial passage through semi-solid agar. 
Also their anaerogenic character as well as inability to decompose urea was established. 

S. dispar was isolated from three cases of gastro-enteritis, the patients being two months, 
three months and five years old. Each strain was the only non-lactose fermenting type of 
colony appearing on direct plating of the faecal specimens. Two of the strains were dulcite 
positive and one proved to be dulcite negative. 

A non-mannite fermenting Shigella strain was isolated from a contact-child with no history 
of diarrhoea. This organism had biochemical reactions in common with S. schmitzi, but while 
some subcultures agglutinated with S. schmitzi antiserum to a significant titre, other suspen- 
sions gave negative reactions. Atypical non-mannite fermenting organisms were frequently 
reported (Boyd, 1935; Cox and Wallace, 1948). 


Proteus Group. 


As shown previously in Tables 2 and 3, Proteus group represented the largest number of 
isolations from clinical material and was recovered from 40 p.c. of cases, while the figure for 
normal specimens was 26 p.c. This difference was significant (the standard normal deviate 
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was 2-8 which is highly significant since the probability of exceeding it lies between -01 and 
-001). 
TABLE 5. 


Frequency of isolation of Proteus bacilli from abnormal and normal stools with the use of 
various media. 








Source of | No.of | No.ofisolations | P.c. of isolations 
material Medium | specimens | of Proteus | of Proteus 
l 
Abnormal Plain desoxycholate | | | 
| or MacConkey | 634 | 91 | 14 
SS | 612 179 29 
Normal | Plain desoxycholate | 115 | 1l 10 
MacConkey | 115 5 | 4 
| Ss | 15 27 24 





Table 5 shows that of the three media, which were most frequently used for the isolation 
of non-lactose fermenting colonies, SS agar was responsible for the highest number of positive 
results. The superiority of SS medium was most evident in the examination of specimens with 
alow Proteus count. It should be emphasized that Proteus isolations obtained from tetrathion- 
ate enrichment broth were not reported because overnight incubation in this medium favours 
the growth of Proteus bacilli, frequently with exclusion of other groups of organisms. This 
medium therefore gives a distorted picture of distribution of Gram-negative non-lactose fer- 
menting bacilli in faecal specimens. 

The cultures of Proteus were stored on agar slopes under paraffin oil. In all, 187 strains 
from abnormal material and 30 strains from normal specimens were available for classification. 

3iochemical criteria were applied for identification of the four species within the genus Proteus 
(Rustigan and Stuart, 1945; Bergey’s Manual of Determinative Bacteriology, 1948) and no 
distinction was made between serological types within each species. 


TABLE 6. 


Biochemical classification of 217 Proteus strains. 


187 Proteus strains from abnormal 30 Proteus strains from normal 











r 
stools stools 

Species No | P.c. | No. | P.c. 
P. mirabilis 97 | 52 19 63 
P. morganii | 2 44 7 23 
P. vulgaris | 8 4 4 13 
P. rettgeri | 0 0 0 0 

| | 





As shown in Table 6, Proteus mirabilis was the predominant species in both the normal 
and pathological material. P. mirabilis and P. vulgaris were recovered with greater frequency 
from the normal specimens while the incidence of P. morganii was higher in abnormal stools. 
P. rettgeri was not enccuntered in the samples examined. The frequency of isolation of 
P. mirabilis and P. vulgaris from normal material does not suggest that these species could be 
seriously regarded as gastro-enteritic pathogens while the higher occurrence of P. morganii in 
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abnormal specimens may indicate the parasitic nature of some strains of this group. However, 
one must consider the possibility of pathogenic types within all species of Proteus. 

The next step was to determine whether any particular species of Proteus occurred fre- 
quently as the sole representative of the non-lactose fermenting flora or in constant association 
with other organisms of an established pathogenicity. Of the 213 types of Proteus which were 
recovered from abnormal material, 118 strains (55 p.c.) were the only non-lactose fermenting 
bacilli in the samples examined and all the three species of Proteus were represented either 
individually or two together. The remaining 95 strains (45 p.c.) were isolated in association 
with other groups of bacteria such as Salmonella, Shigella, paracolon, Bact. alealigenes fuecalis, 
Pseudomonas pyocyanea. Here again, all the three species of Proteus were implicated. With 
regard to 30 Proteus strains encountered in normal stools, Proteus was detected five times in 
association with paracolon bacilli, the species comprising four P. mirabilis and one P. morganii 
strains. Thus the pattern of association of Proteus with other groups of bacteria did not throw 
any light on the role of the species concerned in our study. 

However, the numerical ratio of Proteus to other types of microflora in a faecal specimen 
seemed to be of significance. To investigate this point more thoroughly a comparative study 
was made of the heaviness of Proteus contamination in normal and abnormal faeces. 

Direct plating of normal faecal specimens from 22 fully breast-fed babies under 6 months 
of age usually produced no growth or poor growth on plain desoxycholate, MacConkey and SS 
media, the scarce colonies consisting of coliform bacilli, streptococci and other cocci. Stools 
from 93 normal artificially fed babies showed an increase of coliform flora and occasionally 
also a small number of Proteus or paracolon colonies. However, specimens from two breast- 
fed babies and seven artificially fed babies contained Proteus bacilli in high numbers. On the 
basis of collected data the outstanding proportion of Proteus colonies was usually correlated 
with some metabolic disorder due to change of diet, effect of teething, ete. The examination 
of gastro-enteritic stools indicated that Proteus was occasionally present in pure culture on SS 
plates and frequently in a high numerical ratio to coliform bacilli. Thus observations with 
regard to heaviness of Proteus contamination in normal and abnormal material indicated that 
scarce numbers of these organisms may be of no significance while an abundance of these 
bacilli points to some kind of intestinal disbalance. It should also be noted that a normal 
specimen obtained from an apparently healthy baby may be unsuitable as a contro] owing to 
the fact that infants are very susceptible to dietetic disturbances. 

The general conclusions were that: (1) Proteus was not found to be a 
natural inhabitant of the intestinal tract of normal breast-fed babies but was 
encountered occasionally in small numbers in stools of healthy artificially fed 
infants; (2) the frequency of isolation of Proteus bacilli from clinical cases 
was increased in comparison with normal material; (3) no specific importance 
could be attached to the incidence of Proteus bacilli when present in small 
numbers with the exception of types of proven pathogenicity, possibly some 
strains of P. morganii; (4) emphasis was placed on the numerical proportion 
of Proteus bacilli to the coliform flora, as this last point seemed to be of sig- 
nificance. Thus the high count of Proteus on direct plating serves as an indica- 
tion of metabolic disorders. 

Only a few blood specimens from patients harbouring Proteus bacilli were available for 


serological tests. The results were not convincing; no agglutinins were recorded for P. morganii, 
while P. vulgaris and P. mirabilis gave insignificant H and O antibody titres. 
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Following are some physiological characteristics of the various species: All Proteus 
strains produced a considerably larger amount of gas in glucose when the basic medium 
included papain digest instead of peptone, gas being recorded frequently in 25 p.c. of the vol- 
ume of the Durham tube instead of the previously observed 10 p.c. or a bubble of gas. 
P. mirabilis was characterized by being indole negative. Sucrose was fermented in 3 to 7 days. 
Both V.P. positive and V.P. negative strains were found in the pathological and normal 
material. P. merganii was identified by lack of sucrose fermentation, slow urea decomposition 
and inability to swarm on 2 p.c. nutrient agar. Strains recorded as slightly spreading or non- 
spreading on semi-solid agar could be induced to swarm on this medium by serial passage at 
25°C. P. morganii is listed as H.S negative and this was confirmed by growth in Kligler’s 
medium; however, cultivation in Hartley’s tryptic digest broth resulted in hydrogen sulphide 
production (Cook, 1948). P. vulgaris was distinguished by maltose fermentation. Salicin 
positive and negative strains were encountered in gastro-enteritic and normal stools. All strains 
were citrate negative; some strains utilized this medium on first subculture but growth was 
not sustained on successive transfers. P. rettgeri, characterized by acid production in mannitol, 
was not encountered. 


PARACOLON GROUP. 


The paracolon group of bacteria was the second largest isolated from the clinical material, 
24 p.c. of cases being recorded, while 18 p.c. was the total recovered from normal stools. Con- 
trary to our previous findings which showed a higher incidence of paracolon strains in gastro- 
enteritic than in normal stools from adults (Mushin, 1949), the difference in these specimens 
from patients and normal infants was not statistically significant. However, it will be explained 
later that with the exception of pathogenic strains emphasis should be placed not on the pres- 
ence of paracolon bacilli but on their numerical ratio to coliform flora. 


TABLE 7. 


Frequency of isolation of paracolon bacilli from abnormal and normal stools with the use of 
various media, 





Source of | No. of | No. of isolations of | P.c. of isolations of 
material Medium | specimens | paracolon bacilli | paracolon bacilli 
| | 
Abnormal Plain desoxycholate | 492 96 20 
MacConkey | 142 | 15 | 11 
SS | 612 48 8 
Normal | Plain desoxycholate | 115 17 | 15 
MacConkey | 115 | 9 8 
6 


Ss | 115 7 | 





Table 7 shows the superiority of plain desoxycholate agar over MacConkey and SS media 
in the recovery of paracolon bacilli. However, some paracolon bacilli appeared on SS plates 
only, the colonies being very few in numbers. 

Of the isolated paracolon bacilli, 105 cultures from clinical material and 21 from normal 
were available for classification. These were divided into biochemical groups in accordance with 
the scheme incorporated in Bergey’s Manual of Determinative Bacteriology (1948). 

As shown in Table 8, the three species of Paracolobactrum, namely P. coliforme, P. inter- 
medium and P. aeroginoides were represented in normal and abnormal stools. Species were 
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TABLE 8. 


Biochemical classification of 126 paracolon strains. 


| 
105 strainsfrom | 21 strains from 
abnormal material | normal material 
Species | No. | Pe. | No. | P.e. 
| | | | 
Paracolobactrum coliforme type I | | 
—— 76 72 13 | 62 
Paracolobactrum coliforme type II | 
(—+——) 5 | 5 | 0 | 0 
Paracolobactrum intermedium type I | 
oe wad | 0 | 0 | 3 | 14 
Paracolobactrum intermedium type II | | | 
(++—+) | 4a {| a {| 8 [| 44 
Paracoiobactrum aeroginoides type 1 } | | 
(——4--) 10 | 0 | 1 | 5 
Paracolobactrum irregular 5 5 5 
Anaerogenic 8 8 0 0 


subdivided into types, corresponding to these in the coliform group. It was found that 
P. coliforme type I was by far the most predominant strain in the material from both sources. 
P, coliforme type II and the anaercbic strains were recovered from pathological stools only, 
hut a small number of bacilli belonging to these groups was detected previously in normal 
faecal specimens from adults (Mushin, 1949). 

With regard to the distribution of the 134 paracolon strains isolated from clinical cases, 
53 strains (40 p.e.) appeared in association with one or more of the following groups: 
Salmonella, Shigella, Proteus, Pseudomonas pyocyanea. The association with Salmonella was 
frequent (26 times), paracolon bacilli appearing together or in succession to the pathogen, but 
there was no consistency in the type of isolated paracolons. Also these paracolon bacilli which 
appeared in faecal specimens as the only non-lactose fermenting colonies were found to be 
members of various species. Amongst the 21 paracolon strains yielded by normal stools, four 
P. coliforme type I and one P. intermedium type II strains were encountered in association 
with Proteus, 

When interpreting the significance of paracolon bacilli in the intestinal tract of patients, 
emphasis was placed on the relative abundance of these organisms, which were recovered at 
times in pure or almost pure culture. Of the 22 normal breast-fed babies only one harboured 
these organisms, the history of the child indicating a recent intestinal upset. Paracolon bacilli 
were cultivated from 22 p.c. of stools of the normal artificially fed infants. Usually only small 
numbers of these colonies were observed on direct plating but in four cases paracolon bacilli 
formed the predominant flora. An inquiry amongst infants with a high paracolon ratio showed 
that three of the babies had dietetic difficulties manifested in vomiting or stationary weight, 
while one appeared normal. This demonstrates again that a normal group, represented by 
apparently healthy infants, may not be suitable as control owing to the susceptibility of babies 
to dietetic disturbances. 

The general picture of the significance of paracolon bacilli in normal and abnormal 
materia! resembled closely the one obtained by the survey of Proteus. Emphasis should be 
placed not merely on the recovery of paracolon bacilli but on their numerical increase in com- 
parison to coliform flora as this factor seemed to be correlated with metabolic disorders. 
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Only a few blood specimens from the young patients were available for agglutination tests. 
A positive reaction was recorded once only, the titre being 1/640 for the somatic antibody, while 
control sera gave negative results. 

A few miscellaneous notes may be added with regard to the identification of paracolon 
bacilli. Most of the aerogenic strains were classified as one of the Paracolobactrum species on 
the basis of routine biochemical tests, e.g. positive indole reaction or sucrose fermentation. 
On encountering indole negative strains the urea medium (Christensen, 1946) was often useful 
because P. aerogenoides and most of the P. intermedium strains decomposed urea but at a 
slower rate than Proteus. The use of 5 p.c. lactose (Krichel, 1936) and 5 p.c. sucrose proved of 
vulue in accelerating the fermentation of these carbohydrates. Strains resembling Shigella 
occasionally became aerogenic after cultivation on artificial! media or showed motility after 
consecutive passage through semi-solid agar. However, some strains defied the biochemical 
routine procedure of identification and presented difficulties in assigning them a generic place. 
These bacilli were given a position in the paracolon group because of a lack of serological 
pattern in common with Salmonella or Shigella. 

All paracolon strains gave negative Eijkman reactions. Classification of Paracolobactrum 
species on the basis of IMViC reactions gave occasionally unconvincing results. Thus in apply- 
ing the methyl-red (M.R.) test it was found useful to stabilize doubtful strains by repeated 
plating and to confirm the final pH of the medium in M.R. test with an electrometer. It 
became apparent that findings differed greatly according to conditions under which tests were 
performed, thus a number of our cultures reported as Voges-Proskauer (V.P.) negative with 
O’Meara2’s modification after incubation at 37° C, for 2 days were V.P. positive after incuba- 
tion at 30° C. for 5 days. Also some cultures which did not produce acetyl methy! carbinol 
from glucose with the above applied procedures proved to be V.P. positive when examined by 
Professor A. H. Ennor (personal communication) who employed as reagents naphthol in NaOH 
and creatine. Similar observations of irregularities in morphological and biochemical charac- 
ters have been discussed in a previous publication (Mushin; 1949). 


MIscELLANEOUS STRAINS OF BacTERIA. 

The species to be discussed here were recovered from the clinical material only. 
Pseudomonas pyocyanea, 

This organism was isolated from faecal specimens of 7 children, 5 times as the only non- 
lactose fermenter present, once in association with S. sonnei and once with Paracolobactrum 
coliforme type I. The optimum temperature of 37° C. and haemolytic action on sheep blood 
agar were in accordance with the criteria (Christie, 1948) which placed the isolated bacilli 
amongst strains derived from human source. Some strains produced a slight transitory acidity 
in glucose, all produced acid in xylose and a pellicle formation was observed in peptone water. 


Bacterium alcaligenes faecalis. 


One strain was isolated im association with Proteus mirabilis and the other one was the 
only non-lactose fermenter present in the faecal specimen. Both strains were actively motile 
on isolation. 


Klebsiella pneumoniae. 


This organism was isolated in pure culture and proved to be pathogenic to mice when 
0-01 ml. of 24 hour broth culture was used for intraperitoneal injection. 
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DISCUSSION. 


Infantile gastro-enteritis cam be broadly classified as (1) non-infective, 
mostly dietetic in origin; (2) symptomatic, due to a parenteral infection; (3) 
infectious, of known or unknown aetiology. Our observations, based on the 
incidence of gastro-enteritis in a children’s hospital, were made only with 
regard to infectious enteritis due to or associated with bacterial agents. 

It became evident that some of the examined cases represented infections 
of a sporadic nature while a number of patients contracted the illness as a 
result of outbreaks within the institution. One large and two small outbreaks 
were traced to recognized pathogens, namely Salmonella derby (68 cases), 
Salmonella anatum (6 cases) and Shigella sonnei (11 cases), these organisms 
being responsible for a total of 85 cases (18 p.c.), while 37 sporadic cases 
(8 p.c.) were traced to other strains of Salmonella and Shigella sonnet. The 
causative agents of 348 cases (74 p.c.) still remained to be accounted for. 

A perusal of literature on organisms of doubtful pathogenicity in relation 
to gastro-enteritis shows that various bacterial species have been incriminated. 
Some organisms have been considered pathogens due to the production of 
enterotoxins, e.g. staphylococcus (Wilson, 1949; Getting et al., 1944), a haemo- 
lytie streptococcus (Jordan and Burrows, 1934; Getting et al., 1944). Lately, 
the recovery of specific serologie types of coliform bacilli from cases of infantile 
diarrhoea attracted considerable attention (Bray, 1945; Taylor et al.,°1949). 
Aerobie and anaerobic bacilli were also incriminated (Wilson, 1949). 

In our series of cases consideration was given to Gram-negative non- and 
late-lactose fermenting bacilli of faecal origin apart from Salmonella and Shi- 
gella. Proteus and paracolon strains were the most frequently occurring types 
in the clinical material while in the normal stools they were the only non- 
lactose fermenting colonies found on direct isolations. These species have been 
quoted by various workers as a possible cause of gastro-enteritis. Thus Morgan 
(1906) investigating summer diarrhoea of infants incriminated Bac. morganti 
No. 1, now classified as Proteus morganii. Ribeiro (1949) found that some 
pathogenic strains possessed a specific flagellar antigen. A pathological réle 
was assigned also to the other species of Proteus, namely P. vulgaris (Wilson, 
1949), P. mirabilis (Cherry et al., 1946), P. rettgeri (Cope and Kasper, 1949). 
In our series of cases the significantly higher incidence of P. morganii in clinical 
material was suggestive of the parasitic character of some types. With regard 
to paracolon bacilli, various strains were reported as causative agents of enteric 
infections. The literature on this subject was quoted in a previous publication 
(Mushin, 1949), in which we have recorded also the isolation of a new patho- 
genic strain, Paracolon melbourne, recovered from an outbreak of gastro- 
enteritis amongst adults. 
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Frequently, however, reservations have been made with regard to the 
potential pathogenicity of Proteus and paracolon bacilli, in so far as intestinal 
upsets have been attributed to the ingestion of unduly large numbers of these 
organisms or to a predisposing factor, e.g. unsuitable diet, ‘‘run-down’’ condi- 
tion of an individual, excessive fatigue (Jordan and Burrows, 1935; Stuart 
et al., 1943). It is possible that under certain conditions various strains 
acquire the ability of establishing themselves in the intestinal tract and in this 
study some individuals were found to harbour one strain of Proteus or para- 
colon over a period of a few months. 

Our results have shown that with the use of selective media, namely plain 
desoxycholate agar for cultivation of paracolon bacilli and SS medium for 
Proteus the frequency of isolation of these strains has increased. These media 
contributed especially to the recovery of scanty numbers of Proteus and para- 
colon bacilli which may be missed with less effective methods employed for 
detection of these organisms. 

Statistically the frequency of isolation of Proteus from clinical cases was 
significantly higher than from normal specimens. On the other hand, the 
incidence of paracolon bacilli in abnormal] material was not much increased in 
comparison with normal samples. This observation was contrary to our pre- 
vious findings (Mushin, 1949) based on examination of stools from adults. 
However, with regard to both Proteus and paracolon bacilli the general impres- 
sion was that, apart from pathogenic strains, undue importance should not be 
attached to the presence of small numbers of these organisms in a faecal speci- 
men. On the other hand, large numbers of these bacilli are significant and 
they seem to appear either in response to or as a manifestation of some agents, 
affecting the usual metabolism. In recording the incidence of Proteus and 
paracolon bacilli in normal stools, consideration should be given to the fact 
that infants are susceptible to metabolic disturbances. Thus a range of factors, 
e.g. new diet, teething could account for special conditions favouring an in- 
crease of Proteus and paracolon bacilli in the intestinal flora. Consequently, 
some apparently healthy babies included in the normal group may not be 
suitable controls. 

The rdéle of other organisms, isolated from clinical material only, is doubt- 
ful. Shigella dispar is regarded as non-pathogenic (Boyd, 1940) or is con- 
sidered a commensal which can become a concomitant in an intestinal disorder 
(Forsyth, 1933). Pseudomonas pyocyanea, which is known to give rise to 
suppurative lesions, was found to be of some significance in cases of infantile 
diarrhoea (Wilson and Miles, 1946). Sevitt (1945) in his investigations of 
enteritis in Dublin encountered this organism only in pathological stools from 
children, this finding being similar to ours. Bact. alcaligenes faecalis was culti- 
vated by Webster (1919) in 3 out of 27 blood cultures examined in cases of 
summer diarrhoea in Melbourne. Lind and Allan (1949) in their diagnosis 
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of Klebsiella pneumoniae mentioned that some workers reported this organism 
as being of frequent occurrence in the intestinal tract while others minimized 
its incidence. In our series of cases only one was listed and the organism was 
cultivated from a faecal specimen in pure culture. It is possible that small 
numbers of this strain were present in other stools but were disregarded. 

It is suggested that the réle of these miscellaneous types of bacteria may 
be similar to that of Proteus and paracolon strains. Apparently they do not 
belong to the normal intestinal microflora of children or they are present in 
insignificant numbers which may increase under special conditions, 

In our series of cases ‘‘summer diarrhoea’’ was not an outstanding feature; 
as noticed by other workers this disease of infants is becoming less noticeable 
with improved standards of hygiene. 


SUMMARY. 


A bacteriological examination was made of 470 cases of gastro-enteritis 
in a children’s hospital and of a control group of 115 normal infants. 

In the series of clinical cases 26 p.c. were attributed to organisms of 
recognized pathogenicity, namely Salmonella and Shigella sonnei; cross infec- 
tions due to Salmonella derby, Salmonella anatum and Shigella sonnei were 
responsible for 18 p.c. of these cases. The infection of the remaining 74 p.e. 
was of doubtful aetiology. 

Proteus and paracolon bacilli represented the largest groups isolated from 
clinical material and they were the only non- and late-lactose fermenting 
bacilli cultivated from normal stools. Plain desoxycholate agar proved to be 
most selective in recovery of paracolon bacilli while SS medium favoured the 
growth of Proteus. 

Proteus bacilli were recovered with higher frequency from clinical cases 
than from normal specimens, while the incidence of paracolon bacilli in abnor- 
mal material was not much increased in comparison with normal. The striking 
feature was the frequent abundance of Proteus and paracolon bacilli in gastro- 
enteritic stools. An increase of these bacilli in normal specimens was usually 
correlated with intestinal disturbances and it was pointed out that normal 
infants are not always suitable controls owing to the susceptibility of babies to 
metabolic disorders. 

Other strains of Gram-negative non- and late-lactose fermenting bacilli of 
doubtful pathogenicity were encountered in the clinical material only. 

Significant antibody response in sera of patients was recorded for some 
Salmonella types, for Shigella sonnei and for one paracolon strain. 
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THE HAEMAGGLUTININ OF HAEMOPHILUS PERTUSSIS 


I. OBSERVATIONS ON THE STRUCTURE OF THE HAEMAGGLUTINATING 
COMPLEX OF CULTURE SUPERNATANTS. 


by STEPHEN FISHER 


(From the Commonwealth Serum Laboratories, Melbourne). 
(Accepted for publication 23rd March, 1950.) 


Keogh, North and Warburton (1947) reported the presence of a haemag- 
glutinin in H. pertussis. Keogh and North (1948) showed that the virulence 
of pertussis strains for mice as judged by the intranasal technique (Burnet and 
Timmins, 1937), is related to their haemagglutinin content, and they demon- 
strated that protection of mice against intranasal infection depends on the 
haemagglutinin content of the vaccines, and the antihaemagglutinin level of 
sera in active and passive methods of immunization, respectively. 

The present paper deals with observations made on the nature and com- 
position of the haemagglutinating principle present in supernatants of fluid 
cultures. 

MATERIALS AND METHOps. 


Strains and cultures. The virulent strains P.6] and P.71 were usec. The properties of 
these strains were described by Keogh and North (1948), and by Fisher (1948), respectively. 
These strains have been maintained in the lyophilized state, from which the organisms were 
sown on to Bordet Gengou medium and subcultured on the latter for routine use for periods 
not exceeding four weeks, when a fresh ampoule of dried culture was opened. The fluid 
medium used was that described by Cohen and Wheeler (1946), modified by raising the content 
of soluble starch to 1 p.c. The medium was dispensed in 130 to 150 ml. lots in Roux bottles 
which were seeded heavily from 24-hour Bordet Gengou slope cultures of the organism. The 
bottles were laid flat on their sides in the 37° C. incubator and left undisturbed for three days. 
Only heavily grown cultures were used. After checking for purity by smear, the organisms 
were deposited on the angle centrifuge, the supernatant separated and stored in the cold 
room following the addition of 0-01 p.c. merthiolate. 

The reference serum R4. An English rabbit was immunized against the erythrocyte- 
adsorbable Components of pertussis supernatant as follows: 5 ml. of the rabbit’s own red cells 
washed in saline, were suspended in 30 ml. supernatant, allowed to stand for 15 minutes, centri- 
fuged out, washed 3 times in saline, and re-injected in saline suspension into the animal’s ear 
vein. The rabbit developed severe toxic symptoms, but recovered after a few days. The course 
of immunization was then continued with material prepared in the same way as for the first 
injection, but the route of administration was changed to the subcutaneous one. Six injections 
were given over three weeks and the rabbit bled one week after the last dose. 

Haemagglutinin titrations were carried out according to the method of Keogh and North 
(1948). Titres are expressed as the reciprocal of the highest-dilution giving complete agglu- 
tination. Human group ‘‘O’’ cells were used in all tests involving haemagglutination. 
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Serum antihaemagglutinin titrations were done as deseribed by Keogh and North (1948), 
using a constant amount of haemagglutinin (gencrally 4 to 8 minimal doses). Antihaemagglu- 
tinin titres are expressed as the reciprocal of the highest serum dilution giving complete 
inhibition, multiplied by the number of minimal haemagglutinating doses used. 

Serum bacterial agglutinin titrations. Organisms from Bordet Gengou slopes, grown over- 
night, were suspended in saline to 2,000 million per ml. Serum dilutions were prepared and 
mixed with an equal volume of bacterial suspension. The tests were incubated at 37° C. for 
one hour, then placed in the cold room overnight, then read. 

Immunization and challenging of mice. White mice weighing between 18 and 22 gm. were 
immunized by the intraperitoneal route. They were challenged with organisms of strain P.61, 
using the intranasal technique of Burnet and Timmins (1937). The challenging was carried 
out 10 days after active, and 4 hours after passive immunization respectively. 


RESULTS. 


The Effect of Graded Heating on the Erythrocyte Agglutinating and Antihaemagglutinin 
Neutralizing Power of Haemagglutinin. 


Tubes containing 10 ml. lots of supernatant were placed in the 56° C. water-b:.th. Sam- 
ples were removed after 2, 4, 8, 16 and 32 minutes’ immersion and immediately cooled. The 
samples and the original unheated material were titrated for haemagglutinin in the usual way, 
and tested for capacity to fix antihaemagglutinin by the following method: 3 drop yolumes of 
doubling dilutions of R.4 serum in saline, starting 1 in 10, were placed in 7 parallel rows of 9 
tubes cach. Six drops of saline were added to each of the tubes of the first row, 6 drops of 
unheated supernatant to the tubes of the second row, and 6 drop volumes of each of the heated 
fractions to the tubes of the subsequent rows, respectively. After 15 minutes’ standing on the 
bench, 2 drops of a 1 in 2 dilution of the unheated supernatant were added to all the tubes 
and, after a further 15 minutes, one drop of 5 p.c. cells. The contents were mixed, the cells 
allowed to settle and the agglutinations read. 

Table 1 shows the results. More than 97 p.c. of the red cell agglutinating power was 
destroyed by the heating. The amount of antibody fixed by the heated supernatant was, how- 
ever, almost half of the quantity neutralized by the original unheated material. This is shown 
by the fact that the shifting of the end-point of the titration, which proceeded gradually as the 
duration of the heating increased, amounted to just over one tube over the whole range. 


The Antigenicity of Heated Haemagglutinin, 


(a) In rabbits. Four rabbits were given parallel courses of immunization with pertussis 
supernatant; 2 of these received material which had been heated in the water-bath at 56° C. 
for 30 minutes. The animals were given six bi-weekly subeutancous injections, then bled and 
the sera of those receiving the same immunizing agent pooled. The course was then continued 
with four bi-weekly injections by the intravenous route, after which the animals were bled 
again and the sera pooled as before. 

The resulting four specimens were titrated for antihaemagglutinin in the usual way, and 
tested for protective power in mice as follows: 0-2, 0-1 and 0-05 ml. amounts of serum were 
administered to groups of 5 animals, intraperitoneally. The challenging dose was 20 million 
organisms per mouse. 

The results (Table 2) show that the heated supernatant caused formation of anti- 
haemagglutinin to a high titre, hut the response was not as good as that obtained against the 
original unheated material. The mice were afforded high degree of protection by the later 
specimen obtained from the rabbits receiving heated supernatant and by both pools of sera 
from the animals given unheated material. There is no difference in the protective power of 
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TABLE 1. 
The effect of heating haemagglutinating supernatant at 56° C. for varying periods. 
(a) Effect on Erythrocyte Agglutinating Power: 


| " Agglutination in dilution of 


; - + Saline 
Period of heating (mins.) | 1 | 1/2 | 1/4 | 1/8 | 1/16 | 1/32 | 1/64 control 
a | | | 
Nil (unheated control) | + | + - + + | + — ss 
2 | + + | + + 3 ae — 
4 Bete es Tes es 
8 | + = | Tr —-|- —_ ea 
16 izsziwi-~- —_ — oie sais 
32 | + | Trj; — —_ | _ — — 


(b) Effect on Antihaemagglutinin Fixing Capacity: 























‘ Serum dilution 
Fraction tested for |- . ne saceerabapaclineceicn cases aes eee Serum 
Antibody fixation 1/10|1/20|1/40|1/80| 1/160 | 1/320 | 1/640 | 1/1,280| 1/2,560| control 
2 he oe 
Nil (saline control) |—j{|—/—/i—/!/— |/_—-{l-_— | = + — 
Unheated supernatant | — | Tr| + | + + | + + | + + 
Supernatant, heated | | | | 
for 2 min. }— | Tr] + +i + | + 1 + + a 
Supernatant, heated | 
for 4+ min. {|—j—;z+ > I + + | + + + 
Supernatant, heated | | | | 
for 8 min. I— | —|e]+) +  ) > - + 
Supernatant, heated | | | | | 
for 16 min. —{—/+ti+] + | + | 4 + + 
Supernatant, heated | | | | | 
for 32 min. {}—}—|Tr}| +=] + + | + + + 
+ = Complete agglutination. + = Partial agglutination. Tr = Trace of agglutination, and 


— = No agglutination. 


TABLE 2. 


Immunization of rabbits with heated and unheated supernatant: antihaemagglutinin titre and 
protective power of sera, 

















| Duration of| ‘Antihaem- | Dose per| 
| immuniza- | agglutinin mouse | Day of death Survivors 
Immunizing agent | tion | titre ml. 
Heated supernatant 3 weeks | 4,000 0-05 2,4,10,11,S* 1/5 
| 0-1 | 2,3,3,8,8 2/5 7/15 
| | 0-2 | 3,8,8,8,8 4/5 
Heated supernatant 5 weeks 4,000 0-05 3,8,8,S,8 4/5 
0-1 8,8,S,8,8 5/5 14/15 
0-2 8,S,S,8,8 5/5 
Unheated supernatant | 3 weeks 8,000 0-05 3,8,8,8,8 4/5 
0-1 §,S,S,8,8 5/5 14/15 
0-2 5,5,S,8,S 5/5 
Unheated supernatant | 5 weeks 8,000 0-05 3,8,8,8,S 4/5 
0-1 11,S,8,8,S 4/5 12/15 
0-2 11,8,8,8,8 4/5 
Nil (con! 2,2,2,3,3,3,4 
trols) | 5,5,6,8,10,13,S,S 2/15 


*S = Mouse survived for 15 days, at which time the experiment was terminated. 
The immunizing dose was injected intraperitoneally. The mice were challenged 4 hours later 
with 20 million organisms administered by the intranasal route. 
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these three specimens, but they are all more potent than the early specimen obtained from 
the rabbits immunized with the heated supernatant. The latter, however, still confers marked 
immunity, as shown by the difference of the survival rates of the group receiving this serum 
and the untreated controls. 

(>) In mice. A portion of pertussis supernatant was heated in the water-bath at 56° C. 
for 30 minutes. The heating reduced the haemagglutinating titre from 200 to 1. Mice were 
immunized as follows: forty were given 0-25 ml. of unheated supernatant; forty, 0-25 ml. of 
heated supernatant; and forty 0-5 ml. of heated supernatant. Forty uninjected mice were kept 
for controls. Ten days later the animals were challenged. ‘To half the animals in each group 
were administered 12-5 million organisms, and to the other half 25 million organisms, each. 


TABLE 3. 


Active immunization of mice with heated and unheated supernatant. 


| | 


' i 
| | Immun- | Challeng- 
izing | ing dose Day of death | Survivors 
| | dose ml. | millions of Significance 
| {mmunizing per | organisms 


Group; agent | mouse | per mouse | 


| 

| 

Sroup | 
j | | | 

| | 

| 

| 

| 

















A | Unheated | 0-25 | 12-5 3,4,6,7,9,17,S*,S,S, Vs. Gr. B, significant at 5 p.c. 
»5,8,8,5,5S,8,8,S, 12/18 level 
| 25/38 Vs. Gr. C, not significant 
supernatant | 25 2,4,5,6,7,14,20,8,S,S, Vs. Gr. D, significant at 0-1 pe 
| | | S,S,S,8,8,8,8,8,8,S |13/20 level 
B |Heated | 0-2 | 12-5 /35,5,8,5,8,5,8,85, | *. @ ieni 
| e SSSSSSSSSS, (19/20 Vs. Gr. C, significant at 1 ps 
| | | | 34/39. °Gr. D, significant at 
| supernatant 25 2,3,4,5,5,8,8,8,8,8, | » aaeee a 
| $8; 8,8,8,8,8,8 5/19 0-00001 p.c. level 
| | 
Cc | Heated 0-5 12-5 3,5,6,9,14,8,8,8,8,S, | 
} 8,8,8,8,8,5,5,8,8, pare 23/39 Vs. Gr. D, significant at 1 ps 
i ze! 
supernatant | 25 2,2,3,3,4,4,5,6,6,9,20, — 
S,S,S,8,S,S,S,8,8 9/20 
D |Nil | 12-5 | 2,3,3,3,4,4,6,6,8,10, | f 
| (controls) 12,18,S,S,S,S,S,8,8, : 
| 8, 8/20 
10/39 
| 25 3,3,3,3,3,3,3,3,3,3,3, 4 
3,3,3,3,3,4,9,8 | 2/19 ; 


*S = Mouse survived to the 21st day after challenging at which time the experiment was terminated. 


The mice were immunized by the intraperitoneal route and challenged by the intranasal technique 
10 days after immunization. 


The results are given in Table 3. All the immunized groups show significant protection. 
The smaller dose of the heated supernatant was a better immunizing agent than the same dose 
of the unheated or twice the dose of the heated material. The difference between the potency 
of the latter two agents is not significant. 
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The Phenomenon of Erythrocyte Sensitization. 


A sample of culture supernatant was heated in the water-bath at 56°C. for 30 minutes. 
The haemagglutinin titre fell from 64 to 1. 

Sensitized red cells were prepared by suspending one drop of packed washed human group 
**O”’ cells in 20 drops of the heated supernatant and allowing the mixture to stand on the 
bench for a few minutes. The suspension was then centrifuged and the supernatant discarded. 
The cells were washed twice and suspended in saline to 5 p.e. One drop of this suspension 
was added to each of a row of tubes containing 10 drop volumes of doubling dilutions of R.4 
serum in saline, the tubes shaken and the cells allowed to settle. On examination of the tubes 
it was found that the sensitized cells were agglutinated to a final serum dilution of 1 in 800. 
No agglutination was observed in any of the following controls: sensitized cells in saline; 
sensitized cells in normal rabbit serum; unsensitized cells in R.4 serum dilution. 

Titres of agglutinin for sensitized cells will be expressed as the reciprocal of the highest 
dilution of the serum giving complete agglutination. 


Independence of Serum Titres. 


A number of sera were titrated for bacterial agglutinin, antihaemagglutinin and agglutinin 
for sensitized cells. The results obtained on those showing a measurable titre in each of the 
three tests are given in Table 4. 

TABLE 4. 


Titres of bacterial agglutinin, antihaemagglutinin and agglutinin for sensitized cells in six sera. 


Titre of 


Identifica- | ees eel ee ee een 
tion | Source of Immunizing Bacterial Antihaem- | Agglutinin for 
Mark Serum agent agglutinin | agglutinin | sensitized cells 

| 
R.4 Rabbit (Own erythrocytes 
coated with | 
supernatant* 500 8,000 800 
P.62 Rabbit Bacteria 18,000 6,400 30 
P.34 Rabbit Bacteria 2,400 300 | 30 
P.61 Rabbit _—_ Bacteria 8,000 1,600 | 120 
R.P. Rabbit | Bacteria 4,900 2,400 100 
‘*Ramsay’’ Child | 
Whooping 
cough of 9 | | | 
weeks’ dura-| | | 
tion — | 30 500 400 


* Preparation described in the text. 


It will be seen that there is no correlation between the amount of agglutinin for sensitized 
cells on the one hand, and the quantity of bacterial agglutinin and antihaemagglutinin on the 
other. The variations in the titres of the latter two antibodies are also uncorrelated. 


Absorption of R.4 Serum with Sensitized Cells. 


Six drops of packed sensitized cells were suspended in 60 drops of a 1 in 80 dilution of R.4 
serum in saline. The mixture was allowed to stand on the bench for 45 minutes, with occa- 
sional shaking. The absorbing cells were then removed by centrifugation. Titrations for 
bacterial agglutinin, antihacmagglutinin and agglutinin for sensitized cells were carried out 
on the absorbed serum and on an unabsorbed control. 
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While at least 90 p.c. of the agglutinin for sensitized cells had been removed by the 
absorpticn, the titres of antibodies responsible for bacterial agglutination and haemagglutinin 
inhibition remained unaffected (Table 5). 


TABLE 5. 


Absorption of R.4 serum with sensitized cells. 








| Titre of 
| Antihaem- | Agglutinin for 
| Bacterial agglutinin | agglutinin | sensitized cells 
| | | 
Unabsorbed serum 500 8,000 | 800 
Absorbed serum | 500 | 8,000 <80 


Agglutination of Sensitized Cells by Human Sera. 

The following specimens were tested: 52. from children with bacteriologically proven 
whooping cough; 26 from children not suffering from whooping cough; and 28 from adults not 
suffering from whooping cough. 


TABLE 6. 


Agglutination of sensitized cells by human sera. 
| Source of sera 
Adults, not | Children, not ager 


Children suffering from pertussis for 


suffering Se Cena icant eases Se, pat te its seacceelaeel 
from | from Lessthan | 2to4| 4to6/6to 12! 12 to 26 | 
pertussis pertussis 2 weeks weeks | weeks | weeks| weeks 
ee ee = | l | 
| 
Number of Negative result 23 26 7 7 4 1 4 
sera showing Partial result 5 _ l 4 6 4 3 
Positive result —_ an aS —_ 9 p 5 ; 4 
Total | 28 26 8 11 12 10 11 


; | | | 
Sera giving no agglutination in a dilution of 1 in 10 are classified as giving negative result, 
Sera giving partial agglutination in a dilution of 1 in 10 are classified as giving partial result, 
Sera giving complete agglutination in a dilution of 1 in 10 are classified as giving positive 

result. 


The results are shown in Table 6. The sera failing to agglutinate the sensitized cells in 
a dilution of 1 in 10 were classified as negative; those giving partial agglutination in that 
dilution as partial; and those capable of causing complete agglutination to a titre of 10 or 
more were denoted as positive. 

All sera from children not suffering from whooping cough were negative; five in the 
corresponding adult group gave partial result. Of the 52 sera obtained from children affected 
with pertussis, 29 were either partial or positive. The greatest proportion of partial and posi- 
tive sera were found among the specimens taken between the sixth and twelfth weeks of the 
disease. 
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DISCUSSION. 


Keogh (1947) found that heating pertussis supernatant over 50° C. des- 
troyed its ability to agglutinate erythrocytes. The data presented above confirm 
this observation. In addition they show that the degree of heating sufficient to 
reduce the red cell agglutinating power to 0-5-3 p.ec. of its original value 
(56° C, for 30 minutes) leaves nearly half of its antibody fixing ability intact, 
as well as a large proportion of its antigenic potency. The residual antigenic 
power of heated supernatants is evident from in vitro tests and mouse experi- 
ments; the results of the latter are taken as proof of the presence of antigeni- 
cally-active haemagglutinin, since the essential protective antigen against 
intranasally-introduced murine pertussis was shown to be haemagglutinin 
(Keogh and North, 1948). The active principle in the heated supernatant is 
capable of adsorbing firmly on to erythrocytes, as indicated by the phenomenon 
of erythrocyte sensitization. 

The antibody responsible for agglutination of sensitized cells is distinct 
from both bacterial agglutinin and antihaemagglutinin. This is indicated by 
the absence of constant ratios between the titres of the three antibodies in 
several sera and by the finding that absorption with sensitized cells removed the 
antibody which agglutinated them, without affecting the titres of bacterial 
agglutinin and antihaemageglutinin. Partial thermal inactivation thus makes it 
possible to demonstrate a second antigenic component in the haemagglutinating 
particle. 

Phase 1 agglutinogen (Leslie and Gardner, 1931) is considered to be the 
antigen responsible for the production of bacterial agglutinin against H. per- 
fussis (see Smolens and Mudd, 1943). The independence of bacterial agglutin- 
ating power, of antihaemagglutinin level, and of agglutinin titre for sensitized 
cells suggests that these two antibodies have little, if any, réle in agglutination 
of H. pertussis suspensions by antisera. The presence of bacterial agglutinin in 
the rabbit serum R.4 (prepared against the erythrocyte adsorbable components 
of supernatant) thus indicates the presence of small amounts of phase I agglu- 
tinogen—a third distinct antigen—in the red cell adsorbable complex. 

Since the erythrocyte agglutinating power of haemagglutinin may be 
almost completely destroyed without serious impairment to its antigenicity, the 
absence of red cell agglutinating ability in a vaccine is not necessarily an 
indication of that vaccine being devoid of immunizing potency. 

It may appear anomalous that in the active mouse immunization test the 
group of animals receiving the smaller dose of heated supernatant showed better 
protection than the groups given the same dose of unheated, or twice the dose 
of heated, material. As this finding does not bear directly on the subject of this 
paper, it will not be discussed in detail. It may be mentioned, however, that 
similar results were obtained in another experiment of the same type. Further- 
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more, North, Anderson and Graydon (1941) found that increasing the dose 
of tricresol-phenol-killed bacterial pertussis vaccine beyond a certain limit 
impaired the general health of the mice and resulted in lower apparent immu- 
nity; they attributed this effect to the presence of endotoxin. It is thought 
that pertussis supernatants contain toxic or other fractions which, if introduced 
into the mouse in sufficient quantity, are capable of affecting adversely the 
outcome of a protection test, and that, on heating, the adverse effect of these 
fractions is destroyed more rapidly than the antigenic power of the haemagglu- 
tinin. The toxic properties of pertussis supernatants will be dealt with in 
another paper. 


SUMMARY. 


Heating of haemagglutinating supernatants of fluid cultures of H. per- 
tussis at 56° C. for 30 minutes results in almost complete loss of red cell agglu- 
tinating power, but about half the antibody-fixing capacity and a large propor- 
tion of the antigenicity of the haemagglutinin are retained. 

The heated haemagglutinin adsorbs on to erythrocytes, rendering them 
agglutinable by specific antisera. The antibody invo!ved in this reaction is 
distinct from both antihaemagglutinin and bacterial agglutinin. It was pre- 
sent in the sera of 29 out of 52 children suffering from pertussis, appearing late 
in the disease. 

The erythrocyte-adsorbable complex contains a small amount of phase 1 
agglutinogen. 
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INTRODUCTION. 


The reversal of the pressor action of adrenaline by ergot alkaloids and the 
corresponding reversal of the vaso-constrictor action of certain sympathetic 
nerves, e.g. the splanchnics, was discovered by Dale some forty years ago 
(Dale, 1905, 1906). In his classical study of these and similar ergot actions 
Dale established that plain muscles can be divided into three groups, accord- 
ing to the way in which their responses to adrenaline or to stimulation of their 
sympathetic nerve supply become affected by ergot: (1) Those whose responses 
are not affected ; (2) Those whose responses are abolished, and (3) Those whose 
responses are reversed. The first group comprises structures which are inhibited 
by adrenaline or by their sympathetic nerves (e.g. non-pregnant uterus of the 
eat) ; the second group comprises structures which are stimulated by adrenaline 
or by their sympathetic nerve supply, in particular some structures which, so 
far as is known, possess only excitatory nerve supply, such as the nictitating 
membrane (Rosenblueth and Bard, 1932). It thus appeared that ergot 
abolishes the excitatory sympatho-adrenal actions on plain muscles but has 
no influence on inhibitory actions. 

Critical evaluation of these findings led Dale to the conclusion that the 
structures comprising group 3 are both stimulated and inhibited by adrenaline 
or by their sympathetic nerve supply. The mechanism of reversal was thus 
an abolition of the excitatory effects so that the inhibitory effects become un- 
masked. Since adrenaline or stimulation of the appropriate sympathetic 
nerves ordinarily does not produce noticeable inhibitory effects in structures 
of group 3, the further assumption was made that the sympathoadrenal actions 
upon these structures are predominantly excitatory. 

As to the possible site of this ergot action, Dale has advanced evidence that the adreno- 
and sympatholytie effect is on the sympathetic ‘‘myo-neural junction’’ (Elliott, 1905), so far 
as the latter is excitatory, i.e. so far as it mediates motor effects. He adopted Elliott’s term 





1 This work was carried out with the aid of the National Health and Medical Research 
Council. 
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of myo-neural junction and indicated that Langley’s term ‘‘receptive substance’’ (Langley, 
1905), if generally accepted, might be used in preference. Since Elliott and Langley with 
their concept of a receptive mechanism tried to account for the fact that some plain muscle 
fibres respond to adrenaline and sympathetic stimulation with contraction, others with relaxa- 
tion, it seems that Dale’s interpretation of the ergot reversal implies the assumption of two 
types of plain muscle fibres differing in their receptive substance which determines the direction 
of the response. The other possibility, of two different receptive substances being present in 
the same muscle cell, was not overlooked by Dale but not given further consideration. 

Dale’s interpretation of the sympatho-adrenolytie ergot action has been accepted almost 
universally, owing to the simple way in which it seemed to explain the experimental findings. 
Only a few investigators have given consideration to another possible explanation of the 
reversal, namely, by means of a reversal proper of the excitatory sympatho-adrenal response 
into an inhibitory one (e.g. Elliott, 1905; Cannon and Lyman, 1913; Bayliss, 1923; Acheson, 
1940). Dale, whilst admitting that this view was ‘‘ perfectly legitimate’’ (Dale, 1913) main- 
tained, however, that his original hypothesis was simpler and fitted all experimental facts 
better. 

This brief outline of one aspect of the adrenaline reversal illustrates the fundamental theo- 
retical importance of the phenomenon. In the first place, Dale’s assumption, obviously, has an 
essential bearing upon our whole concept of the dual nerve control of plain muscular structures. 
Owing to lack of sufficient knowledge, no agreement has yet been reached concerning the finer 
details of the innervation of plain muscle cells (Wiersma, 1941); but it is clear that if Dale’s 
interpretation holds true, it would mean that, at least in some structures with dual nervous 
control, the individual muscle fibres would, in fact, not have double control, but some of 
them would have only excitatory and some only inhibitory nerve supply. There is, on the other 
hand, good reason to believe that the plain muscle fibres of many structures, e.g. the bronchioles, 
are both stimulated and inhibited by their nerve supply. This was assumed by Bayliss (1908, 
1923), amongst others, and seems to be adopted by many observers. Moreover, the sympatho- 
adrenal reversal, as interpreted by Dale, has become the main experimental basis for deducing 
the existence of sympathetic vasodilators for certain vascular areas. 

With the advent of the theory of humoral transmission of nerve actions, Dale’s interpre- 
tation required some modification. It was assumed by many that in structures showing the 
reversal phenomenon not only the excitatory, but also the inhibitory nervous control was 
effected by adrenaline liberation, unless inhibitory actions could be attributed to acetyl-choline 
liberation, as in the case of the vasodilators of the hind legs of the dog (Biilbring and Burn, 
1936). The assumption that one and the same transmitter is responsible for two opposite nerve 
actions was strange, in view of ample evidence that in so many plain muscular structures the 
antagonistic nervous control is exerted by means of two different transmitters. The question 
of how this assumed single-transmitter mechanism could operate effectively in physiological con- 
ditions of life when the two opposite nerve actions oceur simultaneously and vary in their 
degree in opposite directions has not been considered further. It may be pointed out in 
advance that latest experimental evidence which seems to indicate that there are in fact two 
different adrenergic sympathetic transmitters, namely, nor-adrenaline and adrenaline (Gaddum 
and Goodwin, 1946/7; von Euler, 1946, 1948a, b; Baeq and Fischer, 1947) and similar findings 
concerning the hormonal output of the adrenal medulla (Meier and Bein, 1948; Schiimann, 
1948; Bilbring and Burn, 1949a, b) require a critical revision of the older views of sympa- 
thetic transmission; to what extent this recent development also affects the theory of the 
reversal phenomenon will be discussed later. 

The great interest attached to the reversal effect has given rise to a large amount of 
research work (Nickerson, 1949). Many facts, partly conflicting, have been brought to light, 
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without advancing any further the theory of this phenomenon, Other substances with more 
or less powerful sympatho- and adrenolytie action and preferable to ergot for certain experi- 
mental purposes have been studied, such as yohimbine (Raymond-Hamet, 1925; Weger, 1935; 
Hutchinson, et al., 1942) or dibenamine, the latest and in every way the most ideal sympatho- 
lytic substance (Nickerson and Goodman, 1948; Nickerson, 1949). The experimental findings 
obtained with this compound are in accord with those obtained by Dale with ergot; their 
interpretation also follows entirely the line of Dale’s widely accepted views. 

The present state of the problem of sympatho- and eadrenolytic drug actions, however, is 
in various respects still most unsatisfactory. The following points, in particular, have to be 
further elucidated: (1) As stated first by Dale, ergotamine and other sympatholytics seem to 
block only excitatory sympatho-adrenal actions but leave inhibitory actions unaffected. How- 
ever, this may not be absolutely true since observations have been reported which seem to show 
that the inhibitory adrenaline actions upon the small intestine (guinea-pig, rabbit, dog) both 
in vitro and in vivo, and upon the uterus (guinea-pig, non pregnant cat) can also be blocked 
(Rothlin, 1925, 1929, 1946; Planelles, 1924; Langecker, 1926; Issekutz and 
Leinzinger, 1928; Thienes, 1929; Fourneau and Bovet, 1933; Weger, 1935; Hunt, 1949). 
Such observations should not be dismissed on the grounds that they are ‘‘few in number and 
lacking in control and analysis’’ (Nickerson and Goodman, 1948). Rothlin’s experimental 
evidence, in particular, is too comprehensive and consistent to be disregarded, although not 
confirmed by Mendez (1927/28). The effects in question may be non-specific (Nickerson, 1949) 
if they require a larger dose than is necessary to inhibit excitatory actions. It is alse worth 
mentioning that yohimbine antagonizes adrenaline inhibition on the intestine not only in large 
doses (Hutchinson et al., 1942; Nickerson, 1948), but also in very small doses 
(Weger, 1935/36). It must not be overlooked that in the case of the intestine, adrena- 
line actions on the parasympathetic ganglia may complicate the above phenomena. No explana- 
tion is available for the fact that inhibitory adrenaline actions upon vessels (e.g. coronary 
arteries) are apparently not antagonized by sympatholytics. Thus, summing up, the possibility 
that certain inhibitory adrenaline actions might be specifically antagonized by some adrenolytic 
substances cannot be ruled out altogether on the basis of our present knowledge. This matter 
requires further investigation. 

(2) It is almost generally believed, since the work of Dale, that the excitatory sympatho- 
adrenal actions upon those plain muscles which seem to possess sympathetic motor supply only 
(e.g. the nictitating membrane of the cat) are abolished but not reversed by sympatholyties. 
This again, may not be absolutely true since some observers have found that the response of 
the nictitating membrane to adrenaline and to sympathetic stimulaticn, can be reversed into 
relaxation (Rosenblueth, 1932; Acheson, 1939, Miiller, 1945). Some of the plain muscular 
structures in question have not yet been sufficiently investigated in this respect. In the present 
paper substantial experimental evidence concerning the spleen capsule will be presented. 

(3) It has been stated that the adrenaline reversal, whilst oceurring readily in cats and 
dogs, is, as a rule, not obtained in rabbits (Dale, 1906; Nickerson and Goodman, 1947; Hut- 
chinson et al., 1942). It has been inferred that in the vascular system of the rabbit sympathetic 
(adrenergic) vasodilators are absent. But apart from the fact that an ordinary adrenaline 
reversal may occasionally be encountered in rabbits (Rothlin, 1925; Polak, 1929; Miiller, 
1945) it has definitely been established that in the perfused rabbit’s ear the vasomotor reversal 
can be obtained regularly (Rothlin, 1925; Gowdey, 1948; Burn and Dutta, 1948). Further- 
more, it has been demonstrated that after applying as sympatholytics both priseol and privin 
together a typical vasomotor reversal appears in the rabbit (Bucher, 1946). These observa- 
tions invalidate the above mentioned conclusions regarding the vasomotor system of the rabbit 
as a whole. 
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(4) The reversal of the pressor action of adrenaline is theoretically linked with the 
depressor action of small adrenaline doses (1-5 ug.) (Moore and Purington, 1900; Cannon 
and Lyman, 1913; Hartman, 1915; Gruber, 1928). Unfortunately, it is still uncertain which 
vessels actually dilate after smali adrenaline doses. There is considerable evidence that the 
muscle vessels respond to such small adrenaline amounts with dilatation, whereas the splanchnic 
vessels constrict (Hartman, 1915; Hoskins, et al., 1916; Hartman and McPhedran, 1917; 
Gruber, 1929; according to Cannon and Lyman (1915), the splanchnic vessels also dilate after 
injection of small doses of adrenaline). Whilst the dilator action of small or moderate 
adrenaline amounts on muscle vessels cannot be questioned, there is insufficient information 
as to the particular kind of muscle vessels (arterioles, capillaries, venules) involved. Some 
facts seem to indicate that the capillaries are involved (Dale and Richards, 1918). But what- 
ever the value of these and other explanations of the depressor action of small adrenaline doses 
may be, they may not help towards the understanding of the adrenaline reversal, because this 
phencmenon occurs after application of larger adrenaline amounts which usually cause a rise 
in blood pressure, and most likely also cause vasoconstriction in the muscles (Gunning, 1917; 
Gasser and Erlanger, 1918/19; Gruber, 1929). 

Cannon and Lyman (1913) suggested that adrenaline may act differently on plain 
muscle according to the existing degree of tonic contraction; if the latter was great, adrenaline 
was said to cause inhibition, and vice versa. Although this hypothesis could not in general 
account for the adrenaline reversal, since this phenomenon can also be obtained with sympatho- 
lytics which do not cause a preliminary rise of blood pressure, like ergotoxine, it is of great 
theoretical significance in so far as it attributes to adrenaline a potentially excitatory and 
inhibitory action on the same muscle cells, depending on certain conditions within these cells; 
this hypothesis thus implies the possibility of a true reversal of the adrenaline action. 

(5) Finally, the actual vascular mechanisms responsible for the adrenaline reversal in 
spite of much experimental work have not been investigated satisfactorily. The fall in blood 
pressure could theoretically be due to various dilator effects. Which vascular areas are 
involved? Is the dilatation restricted to the peripheral areas? Is the splanchnic area always 
involved? According to Hartman (1915) the splanchnic vessels exhibit the vasomotor reversal 
after larger, but not after smaller doses of ergotoxine. Another question is: which vessels 
participate in the reversal? Stehle and Melville (1947) believe that the reversal is essentially 
located in the true capillaries (in the sense of Chambers and Zweifach, 1944); the pharma- 
ecological facts presented by these authors could be interpreted differently, but it is here for 
the first time that a certain kind of vessel is held responsible for the phenomenon. It is 
quite possible that all types of larger vessels participate since isolated preparations of various 
arteries (renal, pulmonary, mesenteric, femoral) and veins show the adrenaline reversal 
(Macht, 1915; Franklin, 1925; Cruikshank and Subba Rau, 1927/28; Foggie, 1937). That 
capillaries are most likely involved is demonstrated by Dale’s observation (in the small intestine 
and the pad of the cat’s foot) that adrenaline after sympatholyties causes flushing (Dale, 
1906). 

A more detailed analysis is obviously required to elucidate fully the true vascular mechan- 
ism responsible for the reversal. The first step in this direction is to determine to what extent 
—if at all—different vascular territories participate in the phenomenon. Now, the splanchnic 
area is of major importance in this respect, since the rise of blood pressure after administra- 
tion of the appropriate adrenaline dose is essentially due to constriction of splanchnic vessels. 

The vascular responses of some abdominal viscera to adrenaline have been studied. It 
seems to be well established that the usual volume response of the small intestine to adrena- 
line (dog, cat) is reversed by ergotoxine (Dale, 1906; Biilbring and Burn, 1936). These vol- 
ume changes may also be influenced by the accompanying tonus changes in the intestinal wall; 
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but in so far as vasomotor reactions are responsible it is not possible to identify the vessels 
involved, although Dale’s observation mentioned above makes it very likely that capillaries 
are affected. According to Raymond-Hamet (1927), the volume changes of the kidney of 
dogs do not show adrenaline reversal after ergotoxine or yohimbine, whereas with isolated 
strips of renal artery and vein (dog, sheep) adrenaline reversal after ergotoxine has been 
found (Cruikshank and Subba Rau, 1927/28; Franklin, 1925; confirmed by observations of our 
own). The discrepancy between these findings cannot be explained at present. With the 
spleen, the results are also conflicting. Perfused dog spleens after ergotoxine show vasodilation 
instead of the usual constriction on injection of adrenaline vessels (Sollmann and Brown, 1905) ; 
but whilst Dale (1906), in accord with these observations, found on cats that the adrenaline 
constriction of the spleen is reversed by ergotoxine into a slight dilatation, Raymond-Hamet, 
working with dogs, saw inhibition but not reversal of the ordinary adrenaline response; the 
difference of these results may be due to differences in the experimental conditions (species, 
anaesthesia, drugs). 

In view of the importance of the splanchnic area as a whole for the vasomotor reversal 
and in view of the important depot function of the spleen, which is involved in many blood 
pressure changes and circulatory adjustments, it seemed desirable to reinvestigate the action of 
adrenolyties on the spleen reaction. The following points are of particular interest: (1) Vol- 
ume changes of the spleen may be effected either by changes in the capsule and trabeculae or 
by changes in the splenic vessels, or by both. The mechanism operating in a special case has 
to be ascertained by analysis. Thus, e.g., the slow rhythmic volume changes during life 
(splenic rhythm) first discovered by Roy (1881), are actually due to rhythmic contractions of 
splenic vessels, presumably the arterioles (Mertens, 1935; Grindlay et al., 1939). If the splenic 
response to adrenaline is reversed the question arises here, too, whether capsule or vessels are 
responsible. (2) As has been mentioned, the reversal is linked with the problem of sympathetic 
adrenergic vasodilators, Whilst it is certain that spleen contractions in the course of physio- 
logical circulatory adjustments are largely affected by sympathetic constrictor fibres to the 
capsule and trabeculae, it is not known whether the relaxation of the spleen resulting in 
restorage of blood is brought about, at least partly, under the influence of inhibitory nerve 
fibres. Whether the adrenaline response after sympatholytics can provide some information 
concerning this question will be seen later. 


METHODs. 


It was desirable to study the spleen responses in various ways in order to gain some 
information as to the extent of participation of capsule and vessels in the reversal phenom- 
enon. The experiments were done partly on the spleen in situ, partly on isolated strips of 
spleen or spleen capsule. 


Experiments on the Spleen in situ. 


Two methods were applied, the results of which supplement each other. 

Recording of the spleen volume. This is the oldest method of studying the spleen circula- 
tion (Roy, 1881; Oliver and Schaefer, 1895; Schaefer and Moore, 1896). All experiments were 
done on cats anaesthetized by intraperitoneal injection of either dial (Ciba, 0-66 ml./kg.) or 
nembutal (Abbott, 30 mg./kg.). Some experiments were also made on decerebrate cats, 
decerebration being performed under ether. 

The oncometer used consisted of two parts, a top which was a tin box (14 X 8 X 24 em.) 
and a copper ground plate upon which the top part could be tightly serewed. The box had 
on one of the longer sides near the bottom an opening sufficiently wide to allow the spleen 
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vessels to pass through. The oncometer was made airtight in the customary way with vaseline 
and connected with a Marey’s tambour. The ground plate was firmly held in position by 
clamps; it was slightly pressed against the abdomen and could not become affected by the res- 
piratory movements. 

The spleen was exposed by a midline incision and the vessels leading to the greater curva- 
ture of the stomach and the corresponding parts of the omentum were gradually cut between 
ligatures, leaving only the splenic artery, vein and nerves with the surrounding connective tissue. 
The exteriorized spleen was then placed on the oncometer base plate which was covered with 
a sheet of rubber, undue stretching of vessels being avoided. 

Since in these experiments 


considerable volume changes of 
: MANA ea 
the spleen may occur, the lever a 


magnification had to be small. 7 

Use was also made of a rather * 
heavy frontal recorder, the To2z gm ADRENALINE \ 
inertia of which prevented the \ 
recording of the pulsatory vol- . 


ume cl . Since the object : : ’ 

. "2 gg saa : ¥ ss "3 Pig. 1. Optical recording of splenic volume pulse 
e 1ese experiments was tO with the oncometer used in the requirements. Cat, 3-9 
record relatively slow volume kg. Dial. 


changes the absence of the vol- 

ume pulse in most of our tracings cannot be regarded as a deficiency of the method. With 
optical recording the volume pulse appeared in the usual way, as Fig. 1 shows, but the sensi- 
tivity of the optical arrangement was far too high. 

Recording of the spleen movements from the surface. Corresponding methods were pre- 
viously used by others (McDowall, 1938; Baeq and Fredcrieq, 1935). Our experiments were 
again done on cats, the conditions being the same as those described before. The right half 
of the spleen was placed on a slightly bent brass plate after having been drawn from under- 
neath through an opening of the latter; the hilum tissue with all the vessels and nerves passed 
through a narrow slot running approximately in a direction perpendicular to the median plane of 
the animal. The plate held in position by clamps served two purposes, firstly to prevent any 
interference from the part of the respiratory movements, by keeping the viscera slightly pressed 
down; secondly to provide a basis upon which the exteriorized part of the spleen could slide. 
Both sides of the plate were coated with vaseline. The anterior spleen surface near the hole 
in the plate was immobilized by tying it with two ligatures to a hooked metal rod, whilst the 
surface towards the free end was connected to a recording lever. This method has the advan- 
tage that it requires less extensive surgical procedures; consequently shock effects can be expected 
to be less. But it is clear that in this way only the section of the spleen lying between the 
two points of attachment was made to record changes of its length. Although volume changes 
as such can also affect the record to some degree it is assumed here that the changes recorded 
with this method are mainly due to the actual responses of the capsule itself. 


Experiments with Isolated Strips of the Spleen or the Spleen Capsule. 


This method has been used earlier by Fredericq (1929), Vairel (1933), Saad (1935) and 
Magee (1946). The preparations were taken from various mammals: rabbits, rats (whole 
spleen, animal killed immediately before the experiment) ; sheep (capsule strips, abattoirs pre- 
parations) ; cats (strips of the spleen, from animals previously used for experiments in situ). 
Some of the preparations were kept immersed in physiological solutions in the refrigerator up 
to two or three days. In the latter case they were first left standing for some time in the 
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laboratory in order to allow them to reach the room temperature gradually. The strips (about 
4 mm, wide and 3 cm. long) were then vertically suspended in a small glass tube which could 
be emptied and refilled from the bottom. This glass tube was set up in a water bath which, 
in case of refrigerated preparations, was slowly warmed up to 39° C. and kept at this tempera- 
ture within 4 0-1°C. The perfusion fluid was Tyrode solution which according to the princi- 
ples stated elsewhere (Lippay et al., 1948) contuined 0-2 p.c. NaHCO; and was aerated at an 
approximate steady rate with Carbogen of controlled accurate composition (6 p.c. COs, 94 p.c. 
OQ.) ; occasional pH estimations showed the expected required value of 7-3-7-4. 

The upper end of the strip was connected with an isotonic lever recording with 15 times 
magnification. A weight of 1-2 gm. was used to keep the preparation stretched. Drugs were 
added to the solution in the glass tube. 

Some additional experiments were carried out on rings of splenic vessels, arteries and 
veins, suspended with glass hooks in Tyrode solution and recording with a light isotonic lever. 
The vessels were from cattle and sheep spleens obtained from the abattoirs. In general the 
conditions of the experiments were the same as those described earlier. 

Sympatholytic drugs used were mainly: ergotamine tartrate (‘‘Gynergen,’’ Sandoz, amp. 
1:2,00@) and yohimbine hydrochloride (Merck or May and Baker). 


RESULTS. 
Oncometric Recording. 


Experiments were made on about 30 cats with ergotamine tartrate as 
sympatholytic. The suitable doses of adrenaline for obtaining good blood 
pressure and spieen responses were determined first (usually between 10 and 
40 wg., intravenously injected, followed by 1 ml. of saline). The effects of such 
adrenaline doses need not be described. 

The ergotamine doses in our experiments were between 1 and 3 mg. intra- 
venously ; as a rule these quantities were sufficient to cause a considerable rise 
of blood pressure and often spleen contractions, too. Sometimes artificial 
respiration had to be applied to overcome detrimental effects on the pulmonary 
circulation. The adrenolytic effects of ergotamine upon the ordinary adrena- 
line actions can be grouped as follows: (1) reversal of the blood pressure and 
of the spleen response; (2) no abolition of blood pressure rise (sometimes 
after initial rise a very transient vasomotor reversal) and reversal of the spleen 
response; (3) no reversal or abolition of the blood pressure response combined 
with abolition of the spleen response. In cases 2 and 3 the blood pressure 
rise following adrenaline may be reduced, indicating some blockading action. 
These effects represent different degrees of the adrenolytic action of ergot- 
amine. It was not possible to obtain one or the other type at will; it must 
be assumed that the depth of anaesthesia and the general conditions of the 
animal were factors of importance. 

The various sympatholytic effects mentioned may now be considered briefly in some of their 
features. In Fig. 2 a case with complete reversal is shown. The reversal of the spleen con- 
traction is considerable, comparing the amplitudes of the volume changes caused by the same 
adrenaline dose before and after ergotamine. Although these amplitudes do not provide an 
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accurate measure, it can be stated safely that the increase in the spleen volume after ergo- 
tamine must amount to something like 50 p.c. of the decrease of the spleen volume before ergo- 
tamine. 

Fig. 3 is an example of spleen reversal with the blood pressure rise neither reversed nor 
abolished. The splenic rhythm is considerably deepened, but there can be no doubt that this 
response has to be classed as a dilatation. 





Pig. 3. 


Fig. 2. Oncometric recording. Adrenaline reversal of both blood pressure and spleen 


response. Cat, 3-1 kg. Dial. A: 40 ug. adrenaline. B: 1-0 + 0-9 mg. ergotamine. C: 40 ug. 
adrenaline. 


Fig. 3. Oncometric recording. Adrenaline reversal of spleen response, diminution of 
blood pressure response. Cat, 2-7 kg. Dial. Time: 5 sec. Effect of 30 wg. adrenaline, A 
before, B after 3-25 ergotamine. 


Since in these and similar cases of spleen dilatation the blood pressure was rising at the 
same time, the question arises whether the spleen enlargement was due to active relaxation, 
i.e. to a true reversal of the ordinary spleen contraction or to a passive distension resulting 
from increased arterial blood pressure. It is clear that in the latter case the ergotamine dose 
applied must have had adrenolytic actions of different degree on the spleen and on the rest of 
the vascular system in that it abolished completely, or nearly completely the spleen contraction, 
but did not prevent the vasoconstriction. Differences in the pharmacological responsiveness to 
adrenolytics of the spleen volume and of the systemic blood pressure were also noticed by 
Raymond-Hamet (1927). Although a purely passive spleen dilatation in the former cases can- 


not be ruled out, it is possible that a true reversal of the spleen response did occur in at least 
some of these cases. 
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Fig. 4. Fig. 5. 


Fig. 4. Oncometric recording. Abolition of the adrenaline contraction of the spleen, no 
abolition of blood pressure response. Cat, 2-5 kg. Dial. Time: 5 sec. A: 40 ug. adrenaline. 
B: 80 wg. adrenaline. Between A and B 1-4 mg. ergotamine. 


Fig. 5. Surface recording. Adrenaline reversal of blood pressure response, simple 
abolition of splen response. Cat, 3-0 kg. Dial. Time: 5 see. Effect of 20 ug. adrenaline, A 
before, B after 2-5 mg. ergotamine. 


Fig. 4 illustrates the third case of adrenolytiec ergotamine action, namely no alteration of 
the blood pressure rise but practically complete abolition of the spleen contraction. The inter- 
pretation of such findings is connected with the interpretation of the previous case, i.e., if after 
ergotamine the spleen dilatation simultaneous with a rise of blood pressure is a passive dis- 
tension, an effect such as the one in Fig. 4 may represent a lesser degree of adrenolytic action 
upon the spleen whereby a slight contraction just sufficient to prevent any distension takes 
place. 

The essential findings obtained with the oncometric method can now be 
summarized as follows: (1) ergot in sufficient dose is able to reverse the 
adrenaline contraction of the spleen, which confirms Dale’s original observa- 
tion, denied by Raymond-Hamet; (2) the spleen dilatation in this reversal 
may even be considerable and is not only small as Dale found in his experi- 
ments. 


Surface Recording. 


Experiments were carried out on about 70 cats; the adrenolytic used in 
one group was ergotamine and in the other yohimbine. The experiments with 
each of the two sympatholytics have to be considered separately. 
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(a) Ergotamine. The outstanding result of these experiments was that 
whilst, with appropriate adrenolytic dose and in the absence of shock, the 
reversal of the vasomotor action of adrenaline was obtained in the usual way, 
the reversal of the spleen contraction, on the other hand, occurred but rarely. 
In the great majority of cases ergotamine abolished the adrenaline contraction 
of the spleen. 

Fig. 5 represents a complete abolition of 
the spleen contraction associated with a well 
marked vasomotor reversal. Fig. 6 gives an 
example of what seems to be a spleen rever- 
sal; the fact that adrenaline induced rhyth- 
mic activity makes it somewhat difficult to 
assess properly the significance of the spleen 
relaxation. Further, since repeated adminis- 
tration of adrenaline completely failed to 
give any spleen reversal it is doubtful 
whether the first spleen relaxation is a real 
reversal or accidental. Fig. 6 also illustrates 
those cases in which ergotamine failed to 
prevent the blood pressure rise but exerted 
marked adrenolytic effect on the spleen, 
mainly by abolishing the contraction in one 
or the other case by causing reversal which 
might also here have been purely passive. 
This seems to indicate again that the adreno- Fig. 6. Surface recording. Adrenaline 
lytic action of ergotamine is greater upon response of blood pressure undiminished, 
the spleen than upon the vascular system in — Cat, 2-3 he but fimms Soe. A: 
general. 20 wg. adrenaline. Between A and B 2-4 mg. 

(b) Yohimbine. The single dose ergotamine. B: 20, 20 and 40 wg. adrenaline. 
applied (38 to 5 mg.) was strong 
enough to cause a pronounced fall of systemic blood pressure which was only 
seldom accompanied by a slight spleen relaxation; in some experiments the 
total amount of yohimbine administered in several doses over a period of a few 
hours amounted to 12 mg. or more. Although these doses were quite sufficient 
to produce a characteristic vasomotor reversal the adrenolytic action upon the 
spleen was frequently not more than a diminution and sometimes complete 
abolition of the spleen contraction. There was perhaps in one or the other 
case a trace of a spleen reversal. Figs. 7 and 8 give examples of typical 
results. It could be assumed that a still bigger dose of yohimbine would have 
had stronger adrenolytic effects upon the spleen; unfortunately, the fall of 
blood pressure with the doses used was so considerable that a greater dose 
would not have been tolerated. The above facts show that yohimbine, quite 
contrary to ergotamine, has apparently a stronger adrenolytic action upon the 
vascular system in general than upon the spleen. 
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Fig. 7. Surface recording. Adrenaline reversal of blood pressure response, diminution 
of spleen response. Cat, 2-7 kg. Dial. Time: 5 sec. A and C: 20 ug. adrenaline. B: 3 mg. 
yohimbine. 


To summarize, the main results of these experiments are: according to 
this method of observation reversal of the adrenaline contraction of the spleen 
occurs only rarely and in the majority of these cases seems to be relatively 
smaller than was found with the plethysmographic method. The frequently 
negative results of the surface recording could theoretically be attributed to 
deficiencies of this method. If, on the other hand, this method, as is assumed 
here, records mainly active changes of the capsule, whilst passive changes of 
the spleen do not or only to a minor degree, affect the tracings, the above 
results would indicate that the capsule hardly participates in the reversal 
phenomenon. In order to clarify this matter completely the following series 
of experiments were carried out: 


Experiments on Strips of Spleen or Spleen Capsule. 


More than 150 preparations were tested, mostly from cats, a few from 
rabbits, rats, sheep and cattle. Apart from ergotamine and yohimbine used in 
the majority of experiments, dibenamine and ergotoxine were also tried a few 
times, in each ease, as a rule, only one of these sympatholytics being applied. 
Before the administration of any drug the preparations were first allowed to 
relax and to adapt themselves to the experimental conditions. Then the response 
to adrenaline was examined. Usually the addition of 2-20 yg. of adrenaline 
to the suspension fluid (resulting in concentrations of about 0-1-1-0 yg. ml.) 
was sufficient to produce a pronounced contraction. The minimum effective 
dose was not sought for, but in one experiment (cat spleen) a concentration of 
less than 0-001 y»g./ml. caused a noticeable response. In every case the least 
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adrenaline dose which gave a satisfactory contraction was first determined. 
Adrenaline was then washed out whereupon the preparation relaxed. The 
sympatholytics were added during this stage, (0-01-0-5 mg, for ergot prepara- 
tions, 0-15 mg. being always sufficient to prevent responses to 20ug. of adrena- 
line; 0-01-0-5 mg. yohimbine, 0-05 mg. usually being enough to prevent the 
action of the same adrenaline dose). 





Fig. 8. Pig. 9. 


Fig. 8. Surface recording. Adrenaline reversal of blood pressure response 
with abolition of spleen response. Cat, 4-2 kg. Nembutal. Effect of 20 ug. 
adrenaline after 4 mg. yohimbine. The same adrenaline dose before yohimbine 
caused blood pressure to rise by 60 mm. Hg. 


Fig. 9. Strips of cat spleen. Anulling of existing adrenaline contraction 
by addition of an adrenolytic. 1 and 5: 6ug., 2 and 6: 15 wg., 4: 2 wg. adrena- 
line. 3: 20 mg. dibenamine. 


The adrenolytics in the doses used had no effect per se on the strips. If 
given during a contraction caused by adrenaline and with adrenaline still pre- 
sent in the solution, the preparation began to relax immediately as Fig. 9 
shows. The effect is obviously a cancellation of the constrictor action of 
adrenaline and cannot be classed as a reversal. In order to obtain decisive 
information as to the occurrence or non-occurrence of reversal effects the sympa- 
tholytics were administered as stated during the slow relaxation following 
washing out of adrenaline and adrenaline was then applied in this stage, too. 
It was found without exception that adrenaline now had no effect whatsoever, 
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ie. the preparations continued to relax slowly. Thus, the excitatory adrena- 
line action was abolished but not reversed, which would have become noticeable 
by an increase in the gradual relaxation in progress. Fig 10 gives an example 
of these findings. The fact that adrenaline was applied before the relaxation 
had reached its maximum eliminates the objection that the reversal was made 
impossible because the preparation might have relaxed completely already. 
The persistent absence of any adrenaline reversal in these experiments is in 
complete agreement with some observations reported by Magee (1946) and 
Saad (1935). 





Fig. 10. Strips of cat spleen. Complete abolition but no reversal of the adrenaline 
response. 1,5 and 7: 20 ug. adrenaline. 2 and 3: washing. 4 and 6: 0-1 mg. yohimbine. 


Experiments on Rings of Splenic Vessels. 


Most preparations (about 60) were from sheep, some from cattle. Arrange- 
ment and procedures were the same as in the experiments on capsule strips. 
In most experiments the adrenaline action was abolished; but in certain cases 
(about one-fifth of the total) the adrenaline action was found to be slightly 
reversed. Fig. 11 shows an example of such findings. 





Fig. 11. Ring of splenic artery, sheep. Slight reversal of the adrena- 
line contraction. 1: 100 wg. adrenaline. 2: washing out, with drum off 
for 18 min. 3: 0-3 mg. ergotamine. Between A and B preparation was 
allowed to contract for 36 min. 4, 5 and 6: 20, 100 and 300 ug. adrenaline. 
Time: 5 sec. 
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The fact that strips of splenic vessels exhibit the adrenaline reversal only 
in a small proportion of cases seems to indicate that the plain muscle cells 
responsible for the spleen reversal are mainly located in the smaller vessels 
(perhaps the arterioles) and are not regularly present in the walls of the 
bigger vessels. 


DISCUSSION. 


1. The experiments presented in this paper seem to prove that the adrena- 
line reversal of the spleen is due to a reversal in the splenic vessels. The 
experiments do not disclose the actual vascular mechanism responsible. It 
may be assumed that all types of vessels are involved to some degree, but par- 
ticularly the smaller vessels. No attempt was made to analyse the vascular 
reactions by studying the responses of individual vessels. 

The above experiments thoroughly establish the fact, occasionally noticed 
by others, that the spleen capsule is a plain muscular structure whose adrena- 
line response can be abolished but is never reversed. Such behaviour, as Dale 
found first, seems to be typical for structures possessing only excitatory sympa- 
thetic nerve supp)” In view of the reported reversal of the adrenaline 
response of the nic’ .ating membrane (Acheson, 1940; Miiller, 1945)—observa- 
tions which require confirmation—it is of interest that in the above comprehen- 
sive experiments on preparations from different mammals there was never any 
trace of reversal. It is desirable that similar examinations should be made 
of other structures belonging to this group. 


But whether or not adrenaline reversal may occasionally also oceur in plain muscle with 
only excitatory sympathetic nerve supply, there is little doubt that the usual absence of 
adrenaline reversal after application of sympatholytics is in some way related to the absence 
of an inhibitory nerve supply. The above result, taken in conjunction with other facts makes 
~ it most likely that the spleen capsule is devoid of inhibitory nervous control. Since the vas 
cular system in general is provided with dual nervous control, the lack of inhibitory nerve 
supply to the spleen capsule deserves further consideration. 

It is clear that the depét function of the spleen requires an effective constrictor control in 
order to make the stored blood quickly available for circulatory requirements in emergency 
conditions; this purpose is satisfactorily served by constrictor nerves to the capsule and 
trabeculae. On the other hand, the storage of blood is a process which does not occur quickly 
and seems to be sufficiently regulated by reducing the constrictor tonus of the capsule. The fill- 
ing of the spleen is also largely assisted by adjustments in the splenic vessels, i.e. by decreased 
outflow due to venous constriction and increased inflow due to arterial dilatation. Cleland 
and Tait (1927) have brought forward strong evidence that dilatation of the spleen in dogs 
is effected by non medullated constrictor fibres to the splenic vein; these fibres seem to origin- 
ate from the cervical sympathetic chain, joining the left phrenic nerve and traversing the 
coeliac ganglion without interruption. Stimulation of these fibres leads to constriction of the 
splenic vein and consequent dilatation of the spleen; after their degeneration, the spleen 
remains contracted to some extent. In view of these facts, it seems possible that the filling of 
the spleen never requires dilator control of the splenic vessels, contraction as well as dilatation 
of the spleen being effected by constrictor fibres only. 
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However, for other reasons it is likely that the splenic vessels are supplied with dilator 
fibres. This is suggested by the fact that the splenic vessels exhibit the adrenaline reversal, 
although this phenomenon in itself is not a proof of the existence of vasedilaters (Burn, 1938). 
In addition, there is some direct evidence that the splenic vessels are supplied with vasodilator 
fibres which might be cholinergic (Gollwitzer-Meier and Otte, 1933; Bacq and Fredericq, 1935). 

According to the above findings, it can be stated that dilator control of the splenic capsule 
does not play any part in the mechanism of dilatation of the spleen. Whether dilator control 
of the splenic vessels contributes towards this effect is not known, It is not within the scope of 
this paper to deal with this aspect any further; but it may be mentioned briefly that since 
reflex dilatation of the spleen still oceurs after complete sympathectomy (Cannon and Rosen- 
blueth, 1934), and since in this surgical procedure the sympathetic vasoconstrictors and the 
venomotor fibres of Cleland and Tait are destroyed, spleen dilatation is (contrary to a state- 
ment made by these authors) possible without these fibres functioning. The question as to 
which nerve fibres could then be responsible for this spleen dilatation still remains to be solved. 


2. As to the adrenaline reversal of the splenic vessels, the theoretical 
importance of the reversal problem, as outlined in section one, is such that it 
is desirable, on this occasion, to deal with it from a more general point of view. 
Moreover, the problem requires a complete revision with regard to recent 
discoveries concerning the sympathetic transmitter substances. 


At the outset it must be borne in mind that for reasons brought forward by Dale (1906), 
it can be assumed that ergot—and the same would apply to other sympatholytics—does not act 
directly on the plain muscle fibre but on the so-called myo-neural junction (Elliott, 1905) or 
receptive substance (Langley, 1906), i.e. that mechanism which is believed to mediate the 
sympathetic nerve actions and the adrenaline action, determining the direction of these effects. 
Although in the present discussion this assumption is adopted, and consequently the adrenaline 
actions correlated with the action of the sympathetic nerves, it is possible that adrenaline 
effects on plain muscle fibres may, in certain cases, be largely independent of the hypothetical 
neurotropic receptive mechanism. 

The concept of dual sympathetic control, arising from Dale’s interpretation of the adrena- 
line reversal, has been proved to be correct for some vascular areas; the existence of sympa- 
thetie dilator fibres is no longer in doubt. For some time such dual sympathetic control was 
thought to be effected by adrenaline as chemical mediator. Although this concept had to be 
abandoned owing to later experimental evidence, some of its aspects which are important for 
the theory of reversal must be considered briefly. In the first place, it is difficult to under- 
stand how the idea that opposite autonomic nerve actions were mediated in some structures by 
one and the same transmitter substance could have been so widely adopted, in the presence of 
so many instances of dual control by means of two different transmitters, e.g. the control of the 
bronchioles or of the intestinal wall. It is clear that where dual control operates the activity 
of the effector cells is increased by increasing the excitatory influence and by reducing the 
inhibitory influence at the same time, and vice versa. To achieve this, the chemical agents 
mediating these effects must be released in quantities changing in an inverse proportion. 
Such a control would function in an orderly way only if the transmitter released in a point for 
producing a certain effect cannot, when diffusing to the neighbourhood, cause the opposite 
effect. It seems that only two transmitters of specifically different action would fulfil this 
requirement. 

It was also assumed that structures with dual sympathetic control contain two kinds of 
muscle fibres, one responding to adrenaline with contraction, and one responding to it with 
relaxation, the first type being predominant. This concept in itself, however, is open to serious 
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objections. Dual automatic control when effected by two different transmitter substances, like 
the control of the intestinal wall, is usually not regarded as being achieved in such a way that 
the individual muscle fibres are influeuced only in one direction, e.g. some fibres only stimulated 
by acetylcholine but not affected by adrenaline and others only inhibited by adrenaline but not 
affected by acetylcholine. If this were so, dual control would exist for the structure as a whole 
but not for the individual muscle cell. 

Since plain muscle fibres which possess only excitatory nerve supply do really occur (e.g. 
muscle cells in the nictitating membrane or in the spleen capsule), it could be thought that 
such fibres may also be present in structures with dual sympathetic control. But it is doubtful, 
on the other hand, whether in mammalians there are plain muscle fibres with only inhibitory 
control; the fibres of the non-pregnant uterus of the cat cannot be regarded as a reliable 
instance of such muscle cells since in pregnancy the adrenaline response changes into an 
excitatory one. The plain muscle of rat, mouse and guinea-pig uterus perhaps has a per- 
manently and exclusively inhibitory autonomic nerve supply; but these exceptional cases do 
not justify the assumption that such muscle fibres are present in the wall of vessels with dual 
sympathetic control. 

Thus, theoretically, dual control by exclusively excitatory or exclusively inhibitory control 
for the individual fibres seems possible, although the functioning of such a control mechanism 
would be difficult to understand; but it seems much more likely that dual control operates 
for every single. muscle fibre, as was assumed by Bayliss (1908, 1923) and is apparently taken 
for granted for structures with two-transmitter control (Langley, 1906). 

Owing to advance made in the last 15 years, dual sympathetic control now appears possible 
without being open to the above objection. There is considerable amount of evidence that 
such a control is actually due to liberation of two different transmitters, An examination of 
the relevant facts will show whether Dale’s interpretation of the reversal phenomenon can be 
retained on this new basis. 

The first step in this development was the fundamental discovery by Cannon and his school 
that the sympathomimetic substances appearing on stimulation of sympathetic nerves and 
carried away in the blood stream are not uniform, and in particular, that the substance found 
in the blood after stimulation of purely or predominantly excitatory sympathetic fibres (hepatic 
nerves) is not identical with adrenaline (Cannon and Uridil, 1921; Cannon and Rosenblueth, 
1933, 1935, 1937). The sympathin theory was developed in order to account for the fact that 
some plain musele fibres are stimulated and others inhibited by sympathetic adrenergic nerves. 
Attention must be drawn to the following points: (1) Although, according to the hypothesis, 
originally the same neurotransmitter is set free, there are ultimately two different mediators 
whose specific action depends on the nature of the hypothetical cell substance present in the 
effector cells. So far this hypothesis can be regarded as a special modification of Langley’s 
idea of two receptive substances. (2) It goes, however, beyond Langley’s concept by the 
assumption that the substance coming away from the effectors is not the originally liberated 
neurotransmitter but the transmitter altered to the excitatory or inhibitory sympathin, and 
by the further assumption that sympathin E can act only upon cells excited by the sympa- 
thetic nerves and sympathin J only upon cells inhibited by the sympathetic nerves. Thus 
diffusion of these mediators to other cells cannot interfere with orderly nervous control; a sur- 
plus of sympathin E, appearing e.g. when vessels contract under vasomotor influence, will be 
able to act only upon other contracting fibres but will have no influence on relaxing fibres, as 
would be the case if the original uniform neuro-transmitter were to spread indiscriminately 
affecting all fibres. (3) As the previous discussion already indicates, the sympathin theory 
implies that sympathetic nerve impulses and adrenaline act on plain muscle cells only in one 
sense, either excitatory or inhibitory, according to whether the cell contains the excitatory or 
inhibitory differentiating agent. This means that some muscle fibres have only excitatory, 
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others only inhibitory control. This assumption was made solely for the sake of the hypothesis 
and without consideration of the problem of dual control in general. (4) The reversal of the 
adrenaline action by ergotoxin was explained by assuming that ergotoxin alters the adrenaline 
structure in such a way that adrenaline no longer ‘‘ combines effectively’’ with the receptive 
substance E; interference with the receptive substance or with sympathin E was considered 
unlikely. The possibility of true reversal of the adrenaline action upon the muscle cells, 
earlier considered likely by Cannon and Lyman (1913), was now rejected. 

There is growing evidence that the excitatory sympathetic mediator is noradrenaline. The 
following facts are particularly important: (a) The pharmacological properties of sympathin E 
and noradrenaline agree to a large extent (Stehle and Ellsworth, 1937; Melville, 1937; Greer 
et al., 1938, West, 1947). (b) Extracts of adrenergic nerves contain a sympathomimetic sub- 
stance which has the biological effects of noradrenaline (v. Euler, 1946a, d, 1948a; Bacq and 
Fischer, 1947) ; (c) The same holds true for extracts of organs with sympathetic nerve supply, 
such as the spleen, heart and blood vessels (v. Euler, 1946b, ¢; Schmitterléw, 1948b; Raab and 
Lepeschkin, 1950) ; (d) the amount of noradrenaline-like substance in organ extracts is related 
to the sympathetic innervation; e.g. it decreases after degeneration of the nerve supply, and is 
absent from the nerve-free placenta (v. Euler, 1945; Schmitterléw, 1948b) ; (e) the blood coming 
from liver or spleen during stimulation of the corresponding sympathetic nerves also contains 
a substance with the biological properties of noradrenaline (Gaddum and Goodwin, 1947; 
Peart, 1949); (f) the vasoconstrictors in the hind legs or in the splanchnic area of the cat 
act most likely by liberation of noradrenaline (Folkow and Uvnis, 1948a; Folkow et al., 
1948d). 

If noradrenaline thus appears to be the mediator of constrictor (excitatory) sympathetic 
effects, what, then, is the mediator of dilator (inhibitory) sympathetic effects? The experi- 
mental data concerning this question are scarce and no definite opinion can be formed yet. 
Two possibilities, however, must be considered, both being supported by some evidence and 
both having important bearing on the theory of dual sympathetic control and the theory of 
adrenaline reversal. 

A. The first possibility is that, as first suggested by Baeq (1934), adrenaline may function 
as the inhibitory sympathetic transmitter. There is as yet no experimental opportunity of 
obtaining the inhibitory transmitter in pure form because in the structures concerned inhibitory 
sympathetic fibres are always mixed with excitatory fibres. It seems that smaller quantities of 
adrenaline are often present in extracts of sympathetic nerves, of organs innervated by the 
sympathetic and in perfusion fluids of such organs (Bacq and Fischer, 1947; v. Euler, 1948, 
1949; Schmitterléw, 1948b, Peart, 1949; West, 1949). Bacq and Fischer have perhaps best 
summarized the facts by stating that the sympathetic transmitter may be a mixture of nor- 
adrenaline and adrenaline in variable proportions. 

If adrenaline is really the transmitter for inhibitory and noradrenaline the transmitter 
for excitatory sympathetic actions, the question arises how dual sympathetic control can be 
effected in an orderly way with these two catechol compounds and how adrenaline reversal can 
be explained on this basis. But before any further discussion, two points have to be made 
clear. The first is that noradrenaline and adrenaline have qualitatively the same biological 
effects but exert these effects on various structures with different potency. The facts of par- 
ticular interest in respect of the vasomotor reversal are the following: The pressor effect upon 
the systemic blood pressure (dogs, cats) of noradrenaline is up to 50 p.c. greater than that of 
adrenaline (Schultz, 1909; Barger and Dale, 1910; Raymond-Hamet, 1930; Tainter, 1931; 
West, 1947; Luduena et al., 1949). No dilator actions of noradrenaline comparable to those of 
small adrenaline doses seem to exist. The pressor action of noradrenaline does not seem to be 
reversed by sympatholytics (Barger and Dale, 1910; Raymond-Hamet, 1930; Melville, 1937; 
Folkow and Uvniis, 1948a; Luduena et al., 1949). But there are certain inhibitory effects of 
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+ noradrenaline: the small intestine is inhibited, the potency of noradrenaline in this respect 
being either equal to or about half of that of adrenaline (Aumann and Youmans, 1939 ; Emilsson, 
1941; West, 1947; Burn and Hutcheon, 1949). Noradrenaline also relaxes the bronchioles but 
it is 10 to 15 times less effective than adrenaline (Tainter, et al., 1934; Cameron and Tainter, 
1936, Siegmund et al., 1947; Luduena et al., 1949; Burn and Hutcheon, 1949). The pregnant 
uterus of the cat, rat and guinea-pig is inhibited: here the potency of noradrenaline is 10 to 
30 times less than the potency of adrenaline (Barger and Dale, 1910; West, 1947; Luduena 
et al., 1949). 

The above-mentioned inhibitory effects of noradrenaline make it very likely that it also 
exerts some depressor effects upon the vascular system, although its dilator potency can be 
expected to be low and to become noticeable only after large doses. There are some observa- 
tions which support this view. According to West (1949) the pressor effect of noradrenaline 
in large dose is reversed by dibenamine or ergotamine (a reversal which in the opinion of the 
author, however, is not due to vasodilatation but to constriction in the pulmonary vessels). 
Folkow et al. (1948¢) sometimes noticed the same for the vascular system of the hind legs of 
cats. 

The vasomotor effects of the two amines can be summarized as follows: as a vasoconstric- 
tor noradrenaline is up to one half more potent than adrenaline, but it shows only a very weak 
vasodilator action. Each substance, if applied in a dose just sufficient to produce the action 
! for which it is more potent, may act in one direction only. Both compounds may under these 
conditions function like two mediators of specifically different effect, as first pointed out by 
Greer et al. (1938). 

The second point which must be made clear is that the direction of the action of both 
adrenaline and noradrenaline is not determined by the chemical nature of these compounds 
since both exert on some muscle fibres only excitatory, on others only inhibitory effects; these 
specific effects must depend on some property of the reacting muscle cells. Until a better way 
of accounting for the specific effector response is found, it seems advisable to retain Elliott- 
Langley ’s idea of some receptive mechanism as distinct from the contractile mechanism, resid- 
ing within the effector cell and determining the direction of the response. This idea was the 
basis of the sympathin theory and seems in the main to be widely adopted (e.g. Nickerson and 
Goodman, 1948, Ahlquist, 1948; Nickerson, 1949), although the mechanism is visualized differ- 
ently. Nothing is known as to the nature of this mechanism, but it must be assumed to be a 
necessary step between the entry of the transmitter into the cell and the specific cell response. 
In order to avoid misunderstanding, the older expressions (‘‘myo-neural junction’’ and ‘‘ recep- 
tive substance’’) are here replaced by the more general and theoretically noncommittal term 
*‘receptive mechanism’’ (r.m.). It seems unavoidable to assume further that there are two 
receptive mechanisms, one excitatory and one inhibitory, according to whether the response to 
sympatho-adrenal action is contraction or relaxation. 

On the basis of the foregoing discussion, it is now possible to evclve a scheme of how 
dual sympathetic control in vascular areas might function in an orderly way with noradrenaline 
and adrenaline as mediators. It will be seen that, with such a mechanism operating, the 
reversal of sympatho adrenal action could still be explained with Dale’s original concept. This 
scheme is not proposed as a theory of adrenergic dual control but is put forward as a possi- 
bility correlating the more important new experimental findings; it also to some extent incor- 
porates suggestions made by Baeq (1934), Greer et al. (1938), and Ahlquist (1941). 

The following assumptions are made: (1) In structures with dual control this control is for 
all or for most muscle fibres, as assumed by Bayliss (1908); an exclusively inhibitory control 
for some muscle fibres is rejected since there are only exceptional examples of such muscle fibres 
in mammals; there may, however, be muscle fibres, with excitatory control only. (2) In muscle 
cells with dual sympathetic control there are present an excitatory and an inhibitory receptive 
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mechanism (e.r.m., i.r.m.), the former being particularly sensitive for noradrenaline, the latter 
for adrenaline. In this paper the opinion is held that the r.m. is developed in order to mediate 
nerve actions. (3) The sympathetic constrictor fibres liberate noradrenaline, the dilator fibres 
adrenaline, as originally suggested by Bacq. (4) The transmitter substances are set free in 
quantities sufficient to produce the effects required, but not in excessive amounts. (5) The sym- 
pathomimetic substances coming away from structures after sympathetic stimulation are in all 
probability the neurotransmitters as originally liberated. 
The diagram in Fig. 12 illustrates this 


mechanism of adrenergic control. For the P 
se 


sake of clarity the r.ms. are drawn in trmpathelytics af 
. . yere 
different locations but both could be ltberetes liberates 


neoradr 


assumed to extend throughout the cell. 
It may be mentioned that Langley 
assumed the receptive substance to be 
localized in the neighbourhood of the 
axon ending for which case he suggested 
the name ‘‘synaptic substance.’’ It is of 
no importance for the present problem 
whether every individual muscle cell, as 
represented in the diagram, has a separ- 
ate connection with a constrictor and a 
dilator fibre or whether groups of cells are 








noradrenaline Qdrenaline 


Fig. 12. Diagram representing a possible 
mechanism of dual adrenergic vascular control 
served by one fibre; since nerve actions and the actions of noradrenaline and adrenaline. 
are mediated by chemical transmitters, M: muscle cell in the vascular wall. e.r.m. and 
the latter could by diffusion also act on i.r.m. excitatory and inhibitory receptive mechan- 

é aE . , ism. s.c.f.: sympathetic constrictor fibre, s.d.f.: 
cells in the neighbourhood of the point of sympathetic dilator fibre. The ratios of constric- 
liberation. The older view was that vari- tor znd dilator potencies of noradrenaline and 
able groups of muscle fibres were supplied adrenaline are expressed in the relative thick- 
by separate nerve endings (Stoehr, 1928; ness of the arrows. 
Cannon and Rosenblueth, 1937), but later 
work may be in favour of individual innervation (Stoehr, 1940; Fischer, 1944; Hillarp, 1946; 
Boeke, 1949). No assumption is made as to the way in which the contractile mechanism is 
activated or inhibited, and concerning the form of connection between axon ending and effector 
cell. 

Dual vascular control, according to the above scheme, would operate in orderly fashion 
since the transmitter substances liberated need not interfere with each other and disturb the 
coordinated functioning of the r.ms. If e.g. vasoconstriction is to be induced, the excitatory 
influence of the constrictor nerves must increase by setting free more noradrenaline, and at 
the same time the inhibitory action of the dilator nerves must decrease by releasing less 
adrenaline. Noradrenaline reaching the i.r.m. of the same or other cells will have no effect, 
being of very low potency as an inhibitory substance. If vasodilatation should occur, the 
dilator fibres will release more adrenaline, the constrictor fibres less noradrenaline. An excess 
of adrenaline reaching the e.r.m., since its constrictor potency is only about one third less than 
that of noradrenaline, could activate the e.r.m., thus upsetting co-ordinated control. Consider- 
ing, however, the high inhibitory potency of adrenaline, it can be assumed that it is used for 
producing dilator actions only in such small quantities that what diffuses into the neighbour- 
hood will not intluence the e.r.m. 

The scheme also makes clear the effects of injected adrenaline and noradrenaline. Both 
act upon both r.ms., but with different potencies. Noradrenaline, except in a very large dose, 
will act exclusively upon the e.r.m., and cause constriction. Adrenaline in very small dose, 
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owing te its high dilator potency, may affect the i.r.m. exclusively and thus give rise to dilata- 
tion; in a stronger dose it also acts on the e.r.m., and then constriction is the predominant 
effect. To account for the greater constrictor action on applicacion of rot too small adrenaline 
doses or on stimulation of a mixed nerve trunk containing constrictors and dilators, one ean 
either assume that the influence of the e.r.m. on the contractile substance is for some reason 
in itself more powerful, or, if both mechanisms are visualized as equally powerful in affecting 
the contractile substance, it can be assumed that only a part of the muscle fibres have an 
inhibitory control as well; the former assumption seems preferable. 

The above scheme is of particular interest as regards the reversal phenomenon. The latter 
can still be explained on the basis of Dale’s idea that sympatholytices block the excitatory effects 
leaving the inhibitory effects intact. So far as the pressor effect of noradrenaline is concerned 
it will as a rule not be reversed, since noradrenaline has only in large doses inhibitory actions 
as West (1949) and Folkow et al. (1948) have found. 

The above scheme seems to indicate a possible way in which, according to experi- 
mental data available, dual adrenergic control could take place. There are facts, however, 
which suggest that dual control of this form would, at best, operate in certain vascular areas 
only. In the first place it must be realised that the potency of both substances in causing con- 
striction and dilation is at present very incompletely known. The above stated ratio of the 
constrictor potencies refers to the systemic blood pressure of cats or dogs, without any indica- 
tion of the type of vessels concerned. There is also evidence that in some cases adrenaline is 
even a more powerful vasoconstrictor than noradrenaline, e.g. for the vascular system of the 
rabbit’s ear (Luduena et al., 1949; Burn and Hutcheon, 1949), for the renal vessels of dogs, 
eats and rabbits (Ahlquist, 1948; Burn and Hutcheon, 1949; Gaddum, Peart and Vogt, 1949), 
and for the vessels of the frog (West, 1947). This is not unexpected, since adrenaline has also 
a stronger motor action on some other plain muscular structures like the retractor penis of dogs 
(Barger and Dale, 1910; Luduena et al., 1949b), the dilator of the iris and the nictitating 
membrane of the cat (Greer et al., 1938; Acheson, 1940, Burn and Hutcheon, 1949). It appears 


then that the excitatory effect of noradrenaline on plain muscle cannot be described as generally 
superior to that of adrenaline. There are, in fact, as Lands (1949) has pointed out, no con- 
strictor effects attributed to noradrenaline which could not equally well be explained by libera- 
tion of adrenaline. 


Still more significant is the fact that adrenaline is actually the transmitter for vaso- 
constrictor actions in the rabbit’s ear (Gaddum and Kwiatkowski, 1938, 1939; Gaddum et al., 
1939), and this may also apply to other vascular areas. Differences in this respect betwecn 
various vascular areas of the same and different species can be expected. At present, state- 
ments to the effect that noradrenaline represents the excitatory adrenergic transmitter are 
premature; the possibility that adrenaline may also serve as excitatory transmitter cannot be 
ruled out. 

For all these reasons, a dual adrenergic vascular control in the sense first suggested by 
Bacq is quite hypothetical. In addition, there are observations which, at least for some vascular 
areas, exclude dual adrenergic vascular control. This leads to the discussion of the second 
possibility of how sympathetic inhibitory control could be effected. 

B. Biilbring and Burn (1936) first demonstrated that the sympathetic vasodilators for the 
hind leg muscles in dogs are cholinergic. Folkow et al. (1948a) have presented evidence that 
the same holds true for the cat. Observations are also reported according to which the sympa- 
thetic dilators for the coronary arteries in dogs and cats liberate a substance with the proper- 
ties of acetyl choline (Folkow et al., 1948c). These authors express the view that in these 
mammals all sympathetic vasodilators (including those in the splanchnies) may be cholinergic. 

Dealing first with the muscle vessels in the hind legs of dog and eat, it can be regarded as 
highly probable that the vasoconstrictors tc this area liberate noradrenaline (Folkow and 
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Uvniis, 1948; Folkow et al., 1948d). In conformity with the former considerations, it must be 
assumed that these muscle fibres contain the e.r.m, activated by noradrenaline and to a some- 
what smaller extent by adrenaline, the exact ratio of the potencies of the two compounds in 
respect of these particular vessels being unknown, If the dilators act by liberation of acetyl- 
choline, there is, of course, no doubt that orderly dual control with these two transmitters of 
specifically different action is possible, but the question in these cases is how the sympatho- 
adrenal reversal can be accounted for. 

The reversal of the constrictor effect of simultaneous stimulation cf constrictor and dilator 
fibres in the sympathetic chain can be explained according to Dale’s concept. But the reversal of 
the adrenaline action is a different matter. In the hind leg muscles of cats, adrenaline in small 
doses (0-1 to 2 wg.) causes vasodilatation, in higher doses predominantly vasoconstriction, 
which is reversed into dilatation by dibenamine. The first thing to be explained is the dilator 
effect of small adrenaline doses. There are several possibilities: (a) The dilator action of 
adrenaline may not be mediated by a neurotropic r.m. and thus be unconnected with a corres- 
ponding nervous control. Since adrenaline acts upon the nerve free vessels of the placenta 
(y. Euler, 1938) adrenaline actions upon plain muscle fibres which are not mediated by 4% 
neurotropic r.m. cannot be denied. Whether such actions are direct actions upon the contractile 
substance or require also the presence of some r.m. (receptive substance), is a secondary ques- 
tion. In the case under discussion adrenaline in small dose would cause relaxation by virtue of 
an action independent of any mechanism for neurotransmission, in stronger doses, by acting 
on the neurotropic e.r.m. (which may be assumed to affect the muscle cell more powerfully) it 
would cause contraction. The reversal of this adrenaline constriction could then still be 
explained according to Dale’s principle. (b) It could be assumed that the dilator action of 
small adrenaline doses is mediated by a neurotropic i.r.m. present in the muscle cells involved. 
Since the i.r.m. is biologically provided for the mediation of inhibitory nerve effects, the cells 
concerned must be assumed to have adrenergic dilator control with adrenaline as transmitter. 
These muscle cells may have only this form of dilator control, in which case their chemical 
transmitter mechanism would be similar to the one discussed under (a). In the wall of the 
vessels concerned, there would be present a mixture of muscle fibres, controlled partly by 
cholinergic, partly by adrenergic (adrenaline liberating) dilator fibres. It is not likely, how- 
ever, that the individual plain muscle fibres of the vessels in question have double inhibitory 
control with cholinergic and adrenergic dilator fibres. 

In view of the great significance of rapid and effective vasodilatation at the beginning of 
and during muscular exertion, it does not seem unfavourable for dilator control to be made more 
reliable and efficient by means of two inhibitory transmitters acting on different or perhaps 
(less likely) on the same muscle fibres. The consideration by Biilbring and Burn (1936) 
referring to the biological advantages of cholinergic dilator fibres for the muscles would still 
apply. If adrenergic vasodilators do exist in the muscles of cats, the reversal of the constrictor 
action of adrenaline can again be explained in Dale’s sense. 

(ec) It could also be assumed that the dilator action of small adrenaline doses does not 
refer to the whole vascular system in the muscles but to certain vessels (e.g. the capillaries) 
which may be particularly sensitive to adrenaline, responding to it with dilatation. The 
contractile elements of these vessels could be assumed to possess inhibitory adrenergic control by 
means of adrenaline. With this arrangement there would also be a mixture of cholinergic and 
adrenergic sympathetic vasodilator fibres in the muscle vessels acting, however, on different 
vessels (or different sections of vessels). Whether the dilator action of small adrenaline doses 
refers to particular vessels cannot be decided. But if so, the reversal would be explained in the 
usual way. 
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The foregoing discussion has dealt with the muscle vessels for which, in certain cases, 
cholinergic dilators have been demonstrated. The points made clear in this connection will be 
valuable when dealing now with the reversal in the splanchnic area. That the splanchnic nerves 
contain vasodilator fibres is certain. It is still widely held that these vasodilators are 
adrenergic. If this is correct and if the dual vascular control in the splanchnic vessels is 
effected in the way discussed under A, the reversal can be explained in the customary way. 
But Folkow et al. (1948a) have drawn attention to the fact that the concept of the adrenergic 
character of the sympathetic dilators is based entirely on indirect evidence which is not 
decisive. In addition to Folkow’s more general reasons in favour of a cholinergic character of 
the splanchnic dilators, there are also some facts which support this view directly. In arti- 
ficially perfused mesenteric arteries and veins with intact nerve supply, acetyl choline is set 
free when reflex dilatation of these vessels is induced (Gollwitzer-Meier and Otte, 1933). Bacq 
and Fredericq (1935) reported that eserine reduces and atropine increases the constrictor 
effect of splenic nerve stimulation, and concluded from this result that cholinergie inhibitors 
were present in the splenic nerves. 

It has also been noticed by several observers that small doses of adrenaline do not cause 
dilatation in the splanchnic area (Hartman, 1915; Clark, 1934; Folkow et al., 1948¢). Con- 
trary results were reported by Cannon and Lyman (1913), and by Burn and Hutcheon (1949). 
However, these authors neglect the possibility of relaxation of the intestinal wall allowing more 
blood to flow into the vessels. 

The observations mentioned even if not at variance with others, are not sufficient to prove 
that the splanchnic dilators are cholinergic. The evidence in this direction, however, is such 
that we must consider how the reversal in the splanchnic area could be accounted for if the 
splanchnic dilators were really cholinergic, as Folkow et al. (1948¢) claim and if adrenaline in 
smali dose has no dilator effect in the splanchnie area. This latter fact would have to be taken 
to mear that the plain muscle fibres of these vessels do not possess an adrenotropic i.r.m. There 
is, of course, no difficulty in explaining the reversal of the constrictor action of splanchnic 
stimulation in the usual way. It is the reversal of the constrictor action of adrenaline which 
under the conditions stated, seems to be inexplicable according to Dale’s principle 

A blockade of the e.r.m. eliminates the constrictor effect of adrenaline; since adrenaline 
cannot be assumed to act upon the mechanism activated by acetyl choline, the only way to 
explain the adrenaline reversal in this case, would be by assuming that the excitatory adrena- 
line action as such is reversed into an inhibitory one. As mentioned in the introduction, a true 
reversal has only rarely been taken into consideration. Bayliss (1921), Cannon and Lyman 
(1913) and Acheson (1939) considered it likely. The observations of adrenaline reversal in 
the nictitating membrane (Rosenblueth, 1932, Acheson, 1940) require confirmation; but if they 
are correct, this reversal (since the nictitating membrane has no inhibitory nerve supply and 
is normally not inhibited by adrenaline) would be a reversal in the true sense. Nevertheless 
Dale’s statement that for such structures the excitatory sympatho-adrenal actions are abolished 
but not reversed has, on the whole, been found to be correct, in spite of exceptions occa- 
sionally found. 

If the splanchnic vesels have cholinergic dilators and do not respond to adrenaline with 
dilatation the adrenaline reversal in the splanchnic area would also have to be regarded as a 
true reversal of the excitatory adrenaline action. Although this case is still hypothetical and 
must be fully established, it is well to pay attention to it with regard to the theory of the 
reversal phenomenon in general. It has become customary to regard Dale’s explanation as the 
only one possible, and for the various forms of dual vascular control considered above this 
explanation is indeed satisfactory. But if adrenaline reversal in the splanchnic area should 
prove to be reversal in the true sense, any case of reversal might perhaps also be a true 
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reversal, at least partly. Such a reversal would then represent an abnormal reaction, due to a 
derangement of the receptive system, whilst according to Dale’s explanation the reversal 
phenomenon unmasks an inhibitory action already normally existing. A revision of the current 
view of the reversal phenomenon in the light of the foregoing consideration might be useful, 
particularly in respect of the quantitative side of the effects. 

It may be mentioned finally that Burn and Dutta (1948) expressed the view that the 
adrenaline reversal in the rabbit’s ear preparation caused by such substances as guanidine, 
benadryl, pethidine, etc., is perhaps due to the adrenaline-like constrictor action of these sub- 
stances. ‘‘If the addition of benadryl or pethidine simulates the addition of maximal amount 
of adrenaline, then the further addition of adrenaline would cause inhibition.’’ Although this 
explanation requires further elucidation, it is, however, clear that it represents a departure 
from Dale’s explanation of the reversal phenomenon, the adrenaline reversal being regarded 
here as a true reversal. 


SUMMARY. 


The theoretical implications of the problem of adrenaline reversal are 
reviewed. 

In order to clarify controversial findings of earlier observers the adrena- 
line response of the spleen after sympatholytics (mainly ergotamine tartrate 
and yohimbine) was studied on the spleen in situ, on strips of the spleen or 
spleen capsule and on strips of splenic vessels. It was found that whilst the 
volume changes of the whole spleen, oncometrically recorded, exhibit typical 
adrenaline reversal, the reactions of limited areas of the spleen surface show 
adrenaline reversal only rarely and in a relatively slight degree. 

Isolated strips of the spleen or spleen capsule never show adrenaline 
reversal. Rings of the splenic artery and vein exhibit reversal in some cases. 

From these results the conclusion is drawn that the adrenaline reversal 
of the spleen is due to reversal in the splenic vessels whilst the constrictor 
response of the spleen capsule is abolished but not reversed. 

The significance of these findings for the problem of innervation of the 
spleen is discussed. 

The theory of vasomotor reversal is critically discussed with regard to 
latest discoveries concerning sympathetic transmission. 
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THE INFLUENCE OF VARIETY ON THE THIAMIN AND 
NITROGEN CONTENTS OF WHEAT? 
by J. W. LEE anp E. J. UNDERWOOD 
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It is now well established that both variety and environment have a marked 
influence on the nitrogen content of wheat grain. The position with respect to 
thiamin is not so clear, although in view of the high correlation between nitro- 
gen and thiamin in wheat (Lee, Clare and Underwood, 1949) it would seem 
likely that varietal and environmental effects on the nitrogen content of the 
grain would be paralleled by similar effects on thiamin content. 

Goldberg and Thorp (1942) found no relation between thiamin content 
and wheat variety, but Newman (1942) and Jackson and Whiteside (1942, 
1943) reported significant differences between the average thiamin contents of a 
number of varieties of ‘‘hard’’ red spring wheat. The relative order of the 
varieties was the same in two successive years and the differences were consistent 
for varieties grown at different stations and in different years. Nordgren and 
Andrews (1941) demonstrated that environmental factors were responsible for 
a much larger proportion of the variation in the thiamin content of United 
States’ spring wheats than variety. They found the effect of locality to be 
fifteen times that of variety. In Australia, investigations carried out by the 
Nutrition Committee of the National Health and Medical Research Council 
(1942) revealed significant differences between the thiamin content of certain 
varieties but the locality in which the wheat was grown was found to have a 
more important influence than the variety. Variation between samples of the 
same variety from different districts was found to be greater than the varia- 
ion of samples of several varieties from the same district. 

This paper records the results of a study of the influence of variety on 
the thiamin and nitrogen contents of wheat grown under a range of conditions 
in Western Australia and of the interrelationships between nitrogen and thia- 
min content. 


MATERIALS AND METHODs. 
Samples. Thirteen ‘‘paired’’ samples of Bungulla and Charter wheat, grown in the period 


1945-8, were obtained from Variety Trials conducted at widely separated stations in Western 
Australia. These two varieties were chosen because they are of very similar maturity but of 











1 Financed by means of grants from the Wheat Pool of W.A., Thomas and Co., Flour- 
millers, W.A., and the Commonwealth Bank. 
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very different genetic origin and grain type. Bungulla has characteristically a soft ‘*starchy’’ 
grain and Charter a hard, ‘‘flinty’’ or translucent grain. Although a wide range of environ- 
mental conditions is represented, each member of each pair is, of course, grown under the same 
soil and climatic conditions. 

A more complete set of samples, of the 1949/50 harvest, was obtained from Variety Trials 
conducted by the Western Australian Department of Agriculture at their Research Stations at 
Avondale, situated about 70 miles south-east of Perth, at Salmon Gums in the south-eastern 
wheat belt, about 350 miles from Perth and at Wongan Hills, about 150 miles north-east of 
Perth. Each variety was grown in five replicate plots and three from each group of replicates 
were taken for analysis. Again it must be pointed out that the varieties from each centre 
were grown under essentially the same soil and climatic conditions, except that the later 
maturing varieties were planted slightly earlier than the earlier maturing varieties. 


Methods of Analysis. 


Thiamin. The method used was essentially that of Slater (1946) who adapted the method 
of Wang and Harris (1939) for use on cereals and cereal products. Our method differed 
slightly from the method of Slater in that the method of addition of reagents was that des- 
cribed by Hinton (1943). Readings were made with a ‘‘Spekker’’ fluorimeter using a ‘‘ Woods 
Glass’’ ultra violet filter between the lamp and the fluorescent solution and a Wratten 39 and 
a Wratten 2A filter between the solution and the photocell. 

Nitrogen. The normal Kjeldahl method was used, with selenium as catalyst. The ammonia 
was distilled into 4 p.c. boric acid and directly titrated with standarized HCl, using methyl 
red-methylene blue mixed indicator. 


RESULTS. 


The thiamin and nitrogen contents of the paired Bungulla and Charter samples are pre- 
sented in Table 1. These samples were grown in different seasons and under a wide range of 
environmental conditions, although, as pointed out earlier, the members of each pair were grown 
under the same conditions. 


TABLE 1. 


Thiamin and nitrogen contents of wheat expressed on dry basis. 











| 
| Bungulla | Charter 
| Thiamin ug./gm. | Nitrogen p.c. | Thiamin ug./gm. | Nitrogen p.c. 
| | | | 
1 | 5-5 | 2-13 | 5-9 | 2-85 
2 | 5-4 2-22 | 5-6 2-98 
3 | 5-8 2-47 | 6-2 | 2-49 
q | 4-2 1-51 4-8 1-70 
5 | 4-2 | 1-64 4°8 2-21 
6 | 5:1 | 1-72 | 5:5 2-06 
7 | 4-9 1-75 | 5-0 2-16 
4 l 4:4 | 1-38 4-5 1-54 
9 | 4-4 1-64 4-9 1-66 
10 | 4-4 1-42 | 4-3 1-74 
11 | 5:3 | 2-65 5-8 3°12 
5°5 2-01 5-4 | 2-52 
4-6 1- 4-8 1- 
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It is evident that the thiamin (and nitrogen) values for the Bungulla variety are generally 
lower than for Charter. The mean difference in thiamin (0-29 wg./gm.) between the two 
varieties was found to be highly significant, using Student’s ‘‘t’’ test 

Highly significant positive correlations 

were found between nitrogen and thiamin FIG.I:-AVERAGE REGRESSION OF THIAMIN 
for each variety, the correlation coefficients (PG/G) ON PERCENTAGE NITROGEN. 

being + 0-845 and + 0-814 for Bungulla 6s 
and Charter respectively. Analysis of co- 
variance revealed no significant difference 1 
between the two regression coefficients (thia- e 
min on nitrogen) and no significant differ- 
ence between the adjusted mean thiamin 











w 
or 


values for each variety. These means were 
5:1 ug./gm. and 5-0 ug./gm. for Bungulla 
and Charter respectively. Evidently, the 
mean differences in thiamin between the two 
varieties are largely accounted for by differ- 
ences in nitrogen. Wa - 

The average regression of thiamin on ° 
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nitrogen may be represented by the equa- 
tion roo ¥50 200 250 300 3 
uv = 0-9822 + 3-050. NITROGEN — 7, 























— . ° 4 BUNGULLA, eearce 
Individual values of the two varieties are VARETIES &  CuaRTER. ee 


Y= C-992x + 3050. 
shown in the seatter diagram (Fig. 1). 

The results for thiamin and nitrogen analyses of the larger range of varieties are shown 
in Table 2. 


On = 


TABLE 2. 


Mean thiamin and nitrogen contents of wheat from Variety Trials (1949/50) expressed on dry 








basis. 
—s a | a | 
| Avondale Salmon Gums | Wongan Hills 
Thiamin Nitrogen Thiamin | Nitrogen Thiamin ¥ : Nitrogen 
ug./gm. | p.c. ug./gm. | p-c. | mwg./gm. | p-¢. 
| | | | | | 
Bungulla 4-5 | 1-75 4-0 | 1-83 | 3-3 1-65 
Bencubbin 5-0 | 1-83 4-3 1-94 3-2 | 1-72 
Wongoondy 4-2 | 1-87 3-8 | 1-88 3:3 1-64 
Kendez 4-3 1-86 4-4 | 1-99 3-7 1-67 
Gabo 4-2 1-92 3°8 2-15 | 3:5 1-85 
Eureka 4-8 2-05 4-1 2-02 3°7 | 1-74 
Kondut 5-1 | 2-14 4-1 | 2-00 3°7 | 1-89 
Celebration 4-4 2°12 3-9 | 2-11 3-5 1-82 
Yalta 4-8 2-13 | 4-6 2-05 3-8 | 1-90 


| . | 13 | | | | 





Note: Each figure is the mean result of analysis of samples from 3 replicate plots. 


Analysis of variance for both thiamin and nitrogen revealed highly significant main effects 
and variety x locality interaction. The fact that differences between varieties were not con- 
sistent at the three localities either for thiamin or nitrogen leads to obvious difficulties of inter- 
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pretation. The locality effects were relatively slightly greater than those due to varieties, the 
mean values for the former being as follows: 


Avondale SalmonGums Wongan Hills S.E. 
Thiamin (ug./gm.) 4°58 4-13 3-52 + 0°0458 
Nitrogen (p.c.) 1-96 2-00 1-76 + 0-0110 


Although the variety « locality interactions were highly significant statistically, the actual 
magnitude of the effects was not large. In the case of thiamin the mean values for all three 
localities may be conveniently grouped as follows: 

Bungulla 
Wongoondy ) 3°77-3°93 
Gabo |; Mean = 3°88 
Celebration } 


Bencubbin 
Kendee 
Eureka |.4°14-4-40 
Sendet | Mean = 4:25 
Yalta 


This simplification still masks locality effects, the difference between the means of the two 
groups being greater at Avondale and Salmon Gums than at Wongan Hills. Obviously, the 
generally lower order of magnitude of the thiamin values at Wongan Hills has iced to telescop- 
ing of the variety differences. It is of some interest that with the single exception of Celebra- 
tion, the above grouping demarcates early from mid-season varieties; no such relationship 
applies with respect to nitrogen content. 

Analysis of covariance for each locality showed that the varieties differed significantly in 
thiamin even after adjusting for nitrogen content. The results are, therefore, markedly differ- 
ent from those considered above for the two varieties Bungulla and Charter. Further analysis 
of the pooled data indicated no significant differences between individual regression coefficients ; 
the mean regression line for all values is represented by the equation 

y = 1-8052 — 3-70. 


The adjusted thiamin values for all treatments are shown in Table 3. Although a number of 
varieties (in particular, Bencubbin) differ markedly in ranking at the three localities, two 
varieties, viz. Gabo and Celebration, are consistently low in thiamin. 


TABLE 3. 
Mean thiamin (ug./gm.) for all treatments after adjusting to uniform nitrogen basis. 


Variety Avondale SalmonGums | WonganHills | Mean 
| | | 

Bungulla 4-78 (8) 4°17 (6) 3°74 (5) 4-23 
Beneubbin 5-10 (9) 4-28 (7) | 3°37 (1) 4-32 
Wongoondy 4-27 (3) 3-85 (3) 3-78 (6) 3:97 
Kendee | 4°39 (4) 4-28 (8) 4-12 (9) 4-26 
Gabo } 4-14 (2) | 3-40 (1) 3°63 (3) 3-72 
Eureka | 4-55 (6) 3-92 (4) | 4-04 (8) 4-17 
Kondut 4-71 (7) 3-93 (5) 3°70 (4) 4-11 
Celebration 4-00 (1) 3-57 (2) | 3°62 (2) 3-73 
Yalta | 4-44 (5) | 4-31 (9) | 3°81 (7) 4-19 
Mean | 4-49 | 3°97 | 3-78 


Note: Figures in parentheses—ranking within the separate localities. 
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DISCUSSION 

it is clear from the statistical analysis of the data of Tables 1 and 2 that 
there is a definite influence of variety on the thiamin content of wheat. The 
comparison between Bungulla and Charter is of particular interest because of 
the great difference between these two varieties in type of grain. It is note- 
worthy that there is an almost equally high positive correlation between thiamin 
and nitrogen for both varieties although Bungulla has a soft ‘‘starchy’’ grain 
and Charter a hard ‘‘flinty” grain. In these two varieties the differences in 
thiamin can be largely accounted for by the differences in nitrogen content. 
The position with respect to the larger range of varieties from three centres is 
somewhat different. In this case the varieties differed significantly in thiamin 
even after adjustment for nitrogen content. In other words, some factor other 
than nitrogen was responsible for variation in thiamin content in a number of 
cases. This may be of genetic origin, but further investigation is required, 
to establish this point. 

Although the primary objective of this study was to ascertain varietal 
influences on thiamin content, independent of environmental effects, the use 
of samples from Variety Trials conducted in a number of centres has enabled 
a comparison to be made of the relative influence of variety and locality. The 
results obtained provide confirmation of the findings of a number of workers 
cited earlier, that the influence of environment on both the thiamin and nitro- 
gen contents of wheat is in most cases, at least of equal importance as that of 
variety. Mention should be made, however, of the fact that two of the nine 
varieties studied (Gabo and Celebration) were consistently low in thiamin at all 
three localities, although they were by no means the lowest in nitrogen content. 
These two varieties, in particular, warrant detailed investigation. 


SUMMARY. 


The thiamin and nitrogen contents of wheat samples from Variety Trials 
in Western Australia have been determined. A significant effect of variety on 
both thiamin and nitrogen content was found. 

The influence of environment (locality) on the thiamin and nitrogen con- 
tents of wheat grain was found to be as great as that of variety. 

A highly significant positive correlation was found between nitrogen and 
thiamin for the varieties Bungulla (r = + 0-845) and Charter (r — + 0-814), 
and also for the means of nine varieties from another experiment (= + 
0-614). By using covariance analysis, significant differences in thiamin contents 
between some varieties, even after adjusting for nitrogen, were demonstrated. 
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ELECTRON-INDUCED MICROINCINERATION WITH THE 
ELECTRON MICROSCOPE 


DISTRIBUTION OF RESIDUAL MINERAL CONTENT IN VERTEBRATE 
STRIATED MUSCLE. 


by M: H. DRAPER! anp A. J. HODGE? 
(Accepted for publication 28th April, 1950.) 


We have recently reported preliminary work on a new technique of elec- 
tron-induced microincineration (Draper and Hodge, 1949a) carried out on 
minute muscle fragments under examination in the electron microscope (E.M.). 

The present paper describes attempts to define the conditions for such 
microincineration and the composition of the mineral residues. In the absence 
of suitable methods for the analysis of the minute amounts of residue obtained, 
we have analysed chemically the ash obtained by conventional methods from 
formalin-fixed muscle in bulk. The extrapolation of results obtained by this 
method can only be approximate since the macroscopic muscle contains, in 
addition to myofibrils, numerous nuclei, mitochondria, nerves, blood vessels and 


other tissue components, the mineral content of which may differ widely from 
that of the myofibrils. 


METHODS AND MATERIALS. 
Electron Microscope Technique. 


The materials used were formalin-fixed muscles from the rabbit, Lepus cuniculus, and the 
toad, Bufo marinus. The muscles after excision were cut into small pieces and immersed in 
10 p.c. formalin for at least 48 hours before mechanical treatment in a Waring ‘‘ Blendor.’’ 
The myofibrils in suspension were washed by repeated centrifugation in distilled water to free 
them from amorphous debris, and were then ready for mounting on the collodion? or other 
supporting films used. Details of the preparation of muscle specimens have been described 
elsewhere (Draper and Hodge, 1949b). 

The prepared specimens were generally examined without further treatment, but in some 
cases were treated with certain reagents to determine their possible inhibitory effect on the 
micro-incineration. Reagents investigated in this manner were phosphomolybdic, phospho- 
tungstic, silicotungstic and osmic acids, and sodium cobaltinitrite. The specimens were washed 
free of excess reagent with distilled water. 

1 Working under a grant from the National Health and Medical Research Council, Aus- 
tralia. 

2 Division of Industrial Chemistry, Commonwealth Scientific and Industrial Research 
Organization, Melbourne, Victoria. 

3 Mallinckrodt ‘‘Parlodion,’’ 1-1-5 p.c. in amyl acetate was used to prepare films. 
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The electron microscope used was an RCA Model EMU fitted with a self-biassed electron 
gun, which enabled current densities of the order of 0-1 amp. cm.-2 through the specimen to be 
attained (Hillier and Ellis, 1949). The attainable current density could be further increased 
by replacing the condenser aperture with one of larger diameter, but this measure was usually 
unnecessary. An objective aperture was necessary to obtain adequate image contrast and 
resolution. 

Specimens were exposed to the maximum beam intensity as soon as possible after the 
attainment of operational pressure (ca. 10-5 mm. Hg). It was imperative that the desired 
specimen areas be exposed to the full beam intensity as early as possible, since relatively short 
exposure to moderate or low beam intensities was sufficient to stabilize the specimen against 
incineration. 

Various substrates were tried as mounts for the muscle suspensions. These included nitro- 
celluloses of various nitrogen contents up to 13 p.¢., formvar, and silicon monoxide films. In 
some cases the specimens were treated with a dilute solution of picrie acid or ammonium 
nitrate prior to insertion in the E.M. However, the results described were mainly obtained 
with untreated myofibrils mounted on ‘‘ Parlodion’’ films, 


Method of Ashing and Chemical Analysis. 


About 100 gm. of fresh muscle were used in each run. The tissue was cut into small pieces, 
fixed in 10 p.c. formalin for 48 hours, and washed free of salts by dialysis for at least 24 
hours, Mechanical treatment in the Waring ‘‘Blendor’’ did not influence the results and was 
therefore omitted. However, in all other respects, the treatment was identical with that 
employed in preparing the tissue for E.M. examination. 

The washed and dried muscle was ashed in a platinum crucible at 700° C. until all carbon 
had disappeared. Spectroscopic analysis indicated the presence of K, Na, Fe, P, Ca and Mg, 
and the Lassaigne test the ahsence of nitrogen. A nitric acid solution was used for the assay 
of Na and K in a Perkin-Elmer flame photometer. Ash taken up in fusion mixture was used 
for the assay of Fe, Mg, Ca and P. Iron was determined colorimetrically by the thiocyanate 
method, magnesium colorimetrically by: the Titan Yellow method, calcium volumetrically by the 
oxalate-permanganate method and phosphorus gravimetrically as MgoP.207. A Beckmann 
spectrophotometer was used in the Fe and Mg estimations. 


RESULTS. 
Distribution of Mineral Residue. 


The first and most obvious effect arising from sudden exposure of the myofibrils to the 
full beam intensity was the great decrease in contrast (see Figs. 1 and 2). It was demon- 
strafed by shadow-casting specimens after incineration and re-examining them in the E.M. 
that this is due to loss of the bulk of the muscle material. 

Owing to the stabilizing effect of the electron beam at moderate intensities it was not 
possible to examine any field in detail before incineration. Stabilization could also be effected 
by staining the myofibrils with ‘‘electron stains’’ prior to examination. Phosphotungstic, 
phosphomolybdie and osmic acids were effective in this respect. Reagents, such as silicotungstic 
acid, which do not combine with the muscle material to any extent, were without effect. 
Sodium cobaltinitrite, which has been used to localize potassium (Macallum, 1905), was also 
ineffective and failed to enhance the image contrast. It will he shown later that practically 
all potassium is removed during formalin fixation. 
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Fig. 1. 


Fig. 1. Typical field of myofibrils from toad striated muscle, showing various types of sarcomere band 
pattern. 

Fig. 2. Typical field of toad myofibrils after clectron-induced microincineration. Note disappearance of 
Zand M bands and distribution of the mineral residue. Compare with Fig. 1. 





A 


Fig. 3. Fig. 4. 


Fig. 3. Normal toad myofibrils, stained with phosphomolybdic acid, not exposed to high intensity electron 
beam. Note fine details, particularly the fine cross-striation extending throughout the sarcomere. 

Fig. 4. Incinerated rabbit myofibrils. Note the detailed distribution of the mineral residue, the fine stria- 
tion and the disappearance of Z and M bands. 
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Fig. 5. Incinerated rabbit myofibrils, showing slightly different distribution of residue, particularly of 
the bands adjacent to the Z and M regions. Note also the residue from the collagen fibrils. 








Fig. 6. Incinerated rabbit myofibrils with further variation in intra-sarcomere band pattern. Note four 
dense bands adjacent to M region and lack of dense bands adjacent to the Z region. Compare with Figs. 4 
and 5. Note also the periodic distribution of residue from the collagen fibril (¢) lying adjacent to the myo- 
fibril. 











Fig. 7. Incinerated toad myofibril, showing similar fine detail to that in Figs. 4, 5 and 6 Note the 
granular appearance of the dense bands adjacent to the Z and M regions. 
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Fig. 8. Incinerated toad myofibril similar to that in Fig. 7, at higher magnification to show the granular 
appearance of the fine transverse striation and dense bands. 


Apart from the overall loss of contrast, it will be apparent from a comparison of Figs. 1 
and 2 that after incineration the density in the Z and M bands is less than that in the rest of 
the sarcomere, a result which indicated complete ‘‘evaporation’’ of the Z and M band mater- 
ials. The general density distribution in the rest of the sarcomere corresponds closely with 
that in the normal myofibril, except that the degree of contrast between A and I bands is 
reduced by the incineration. The distribution of the residue corresponds with the varicus 
intra-sarcomere band patterns associated with different degrees of contraction, relaxation and 
stretching. 


e four ‘ ‘ . . as . 
ion Sh In many instances the residue is arranged in fine transverse striations, the spacing along 
gs. 

mvo the myofibrillar axis being about 400 A, but subject to variation depending on the sarcomere 


band pattern (Figs. 4-8). These fine residual striations correspond both in appearance und 
axial period with the characteristic fine striation of the original myofibrils (Fig. 3). 

Figs. 4—6 and 7-8 illustrate the results obtained with rabbit and toad muscle respectively. 
The distributions of mineral constituents is obviously similar in both. The fine structure of 
striated muscle from a number of sources as seen in the E.M. is known to be similar, and it 
seems likely that the present results may be applied generally. 

The apparently complete evaporation of the Z and M substances is accompanied by tke 


appearance of a variable number of dense transverse bands adjacent to the Z and M regions. 





These apparently represent further specific localizations of inorganic constituents, which are 
generally somewhat obscured in the normal myofibrils (Figs. 1 and 3). The variation in 
number and diffuseness of the bands adjacent to the Z region (Figs. 5, 7 and 8) suggest that 
they are derived from the so-called N bands which are known to be highly variable, Similarly 





the bands adjacent to the M region (Figs. 4, 5 and 6) are presumably derived from the 
corresponding bands to be seen in normal myofibrils (Hall, Jakus and Schmitt, 1946). 
re the Fig. 8 shows in detail the nature of the residue, and particularly that the various trans- 


verse bands and the fine striations each consist of an array of minute spots of dense material. 
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The elongation of the spots in the axial direction indicates that they are derived from the 
individual myofibrillar filaments, that is, there is a periodic concentration of inorganic material 
along the length of and closely associated with each filament. The precise alignment of the 
spots demonstrates that the process of microincineration does not appreciably disorganize the 
mineral distribution, at least on the level of organization under consideration. 


Composition of Ash from Bulk Muscle. 
The results of the chemical analysis of the ash from formalin-fixed muscle are given in 
Table 1, in which is included for comparison the composition of ash from fresh frog muscle, 


TABLE 1, 
Analysis of mineral ash from formalin-fixed amphibian striated muscle. 


Values expressed in mg. per 100 gm. of wet muscle. 


Total ash K Na | Ca | Mg 


Toad muscle (formalin-fixed) | 98 5 2 10-8 
Frog muscle* (fresh) — | 350 54 28 


* Taken from Ritchie (1928). 


Since it is to be expected that the values for each inorganic constituent will depend on the 
nutritional and physiological state of the animal, the values quoted should only be considered 
as a general indication of the effect of formalin-fixation in removing a large fraction of the 
total mineral content. Thus the value for total ash in most striated muscles is about 1,000 
mg./100 gm. It is clear from the Table that formalin-fixation removes about 90 p.c. of the 
original mineral content, most of the diminution resulting from the almost complete removal 
of K and Na and the partial removal of P. “ 

Although the values quoted in Table 1 cannot be regarded as strictly indicative of the 
mineral composition of the myofibrils, because of the unknown contributions from other cellular 
components, it seems justifiable to conclude that the residue after eiectron-induced micro- 
incineration consists mainly of Fe, Ca, Mg and P compounds. K and Na salts are easily 


evaporated by electron bombardment and hence can be presumed to be absent. 
DISCUSSION. 
Conditions for Electron-induced Microincineration. 
Incineration experiments were carried out at different values of the 
column pressure within a range limited by satisfactory operation of the E.M., 


but it was not possible to obtain any correlation between pressure and ease of 
incineration. However, a rough calculation based on a kinetic approach to the 


problem and assuming complete oxidation of the organic material to COy and 
H.O indicated that combination with oxygen must be at least a contributing 
factor in the ‘‘evaporation’’ of the muscle material. A further possible source 
of oxidizing power is the collodion substrate. Here again, it was difficult to 
obtain decisive results. Microincineration appeared to proceed equally readily 
on films of silicon monoxide, or nitrocelluloses of high nitrogen content. 
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Incorporation of oxidizing agents such as picric acid and ammonium 
nitrate in the specimen did not assist the microincineration, possibly owing to 
volatilization of these substances before the attainment of temperatures suffi- 
ciently high for incineration, and to the very small amounts taken up by the 
muscle material. However, it seems possible that a suitable oxidizing agent 
may be found for this purpose. 

The temperature of a specimen under observation in the E.M. is a function 
of the absorption and scattering coefficients and of the specimen thickness. 
There is much evidence to indicate that very high temperatures may be 
attained. Films of gold on thin collodion membranes are easily caused to 
aggregate into droplets, potassium and other salts are evaporated or melted, 
and even silica or metal fibres several microns in diameter are easily fused. 
with current densities between 0-1 and 1-0 amp. em.-*. The experimental 
work with myofibrils emphasizes the importance of thickness in successful 
incinerations. It was found that the best results were usually obtained with 
myofibrils which were initially opaque to the electron beam. 

Stabilization of the specimen by exposure to the electron beam at moderate 
intensities 1s probably due to the formation of a coherent contamination layer, 
such as that described by Hillier (1948 a), although the removal of water from 
the specimen under the experimental conditions may be a contributory factor. 
The latter possibility finds some support in the recent observation by Hillier 
(1948 b) of the destructive effects of a stream of water vapour directed on to 
an organic specimen while under electron bombardment in the E.M. 

It seems reasonable to conclude that the microincineration process is one 
of normal oxidation brought about as a result of the high temperatures attained 
under intense electron bombardment, with the possibility that water plays some 
part in the reaction. The preservation of structural relationships is no doubt 
due to the small size of the tissue fragments. 


Significance of Mineral Localization. 


The greater average density of the residue in the A region (e.g. Fig. 7) 
corresponds with the density distribution in normal myofibrils (Figs. 1 and 3). 
Seott (1932) found a concentration of ash in the A and Z bands after thermal 
microincineration of unfixed material, from which it can be inferred by com- 
parison with the present results that the Z band contains only K and Na 
probably as chlorides. This is evidently so, since electron-induced microincin- 
eration of myofibrils containing little or no K and Na results in complete 
evaporation of the Z band leaving no residue. A similar but less conclusive 
inference can be drawn in the case of the M band. 

An interesting point arises from the lack of K in formalin-fixed myofibrils. 
It has been thought, in view of the use of phosphotungstic acid as a quantitative 
reagent for K, that its apparent differential ‘‘staining’’ effect on myofibrils was 
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due, at least in part, to combination with the K content of the myofibrils. The 
present results demonstrate that the ‘‘staining’’ is due to combination with 
protein or other organic¢ constituents of the myofibrils. 

It has been our experience that while K salts are easily ‘‘evaporated’’ in 
the E.M., those of Ca, Mg and Fe are not. It is clear from the results of the 
chemical analysis that the residue from electron-induced microincineration con- 
sists mainly of Ca, Mg and Fe phosphates. However, the relative abundances 
of these elements in the myofibrils may differ appreciably from the values 
indicated in Table 1, and it is difficult, in view of this uncertainty, to deter- 
mine their individual distributions. 

The action of formalin in almost quantitatively removing K and Na from 
the muscle suggests that for mineral elements to be retained in the myofibril 
they must be firmly bound to organic structures. The P content of the fixed 
muscle is most likely derived from organic phosphates such as creatine phos- 
phate and adenosine triphosphate. The decrease in P content as a result of 
fixation may be attributed to loss of inorganic phosphate. A comparison of 
our results with those of Scott (1932) and Seott and Packer (1939) suggests 
that organic phosphorus is most likely located in the mobile A substance. 

If the above view is valid, the accumulation of a fraction of the mineral 
residue in the form of fine transverse striations must be attributed to precise 
localization of Ca, Mg or Fe or a combination of these elements. However, Fe 
is known to be associated with haem systems not immediately involved in the 
contraction of the muscle proteins, and we have demonstrated that the fine 
striation is intimately associated with the contractile filaments of the myofibril, 
so that the fine striations may reasonably be regarded as representative of the 
distribution of Ca or Mg, or both. 
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SUMMARY. 


Electron-induced microincineration of formalin-fixed striated muscle in the 
electron microscope may be carried out on a number of different substrates, 
including silicon monoxide and various nitrocelluloses. Various experiments 
were undertaken in our attempt to define optimum conditions for incineration. 
Incorporation of oxidizing agents did not assist incineration, neither was any 
correlation with column pressure demonstrated. Stabilization of the specimen 
against incineration could be affected either by moderate irradiation with 
electrons or by the use of ‘‘electron stains’’ such as phosphotungstic acid. It 
is concluded that the incineration process is probably one of normal oxidation 
initiated by the high specimen temperature attained for current densities of 
0-1 amp. cm.-* or more. Traces of water trapped in the protein may be 
involved in the reaction. 

The approximate composition of the residue from microincineration was 
deduced from chemical analysis of the ash from formalin-fixed muscle in bulk. 
K and Na were almost completely removed during fixation. The residue con- 
sisted mainly of Ca, Mg and Fe phosphates, and was distributed within the 
sarcomere in a number of fine transverse striations and bands corresponding 
to the fine structure of the normal myofibril. There was a periodic concentra- 
tion of inorganic material along the length of, and closely associated with the 
individual protein filaments, the axial spacing being between 250 and 450A. 
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From previous studies in this series it appears that resistance to influenza 
infection is determined mainly by the amount of specific antibody present in 
the respiratory tract, that is, by that fraction of antibody produced which is 
capable of meeting and neutralizing the virus before it enters a host cell. The 
distribution of antibody between the circulation and the air passages is governed 
by the route of immunization (Fazekas de St.Groth and Donnelley, 1950b). 
The protective value of a certain type of vaccination depends essentially in an 
indirect fashion on the antibody level reached in the serum, but shows an impres- 
sive positive correlation with the bronchial antibody titres (Fazekas de St.Groth 
and Donnelley, 1950c. ) 

In further experiments (Fazekas de St.Groth and Donnelley, 1950d) it was 
demonstrated that the distribution of antibody after subcutaneous or peritoneal 
vaccination ean be shifted in favour of the bronchi by appropriate means. This 
method of increasing the bronchial antibody content and thereby significantly 
enhancing specific resistance to infection was termed pathotopic potentiation of 
immunity, since it involved administration of the adjuvant at the site of possible 
infection. 

In the absence of theoretical objections to the use of this principle in human 
prophylaxis, further exploratory experimentation on animals was required in two 
obvious directions: (a) the duration of enhanced and ‘‘orthodox’’ immunity had 
to be assessed and compared, and (b) a study undertaken into the nature of 
pathotopic adjuvants and the mode of their action. 

The present paper is concerned with the first problem. 


MATERIALS AND METHOpDs. 


Normal saline. 0-90 p.c. NaCl in distilled water. 

Horse serum saline. 10 p.c. horse serum and 90 p.c. normal saline, sterile. 

Virus. The Melbourne strain of influenza A and the LEE strain of influenza B were used 
in the experiments. The viruses were thoroughly egg-adapted, and were grown in the allantoic 


1 This work was aided by a grant from the National Health and Medical Research Council, 
Canberra. 














560 S. FAZEKAS pr ST.GROTH 





cavity of chick embryos, by the method of Burnet (see Beveridge and Burnet, 1946). The 
harvested fluids were tested for haemagglutinin and sterility. Those free from bacterial con- 
tamination and of high virus content were used, never more than four days after they had been 
harvested. Both strains of virus were capable of infecting mice and causing death and lung 
consolidations in dilutions higher than 10-5, 

Red cells, Fresh, citrated fowl blood was washed in three changes of normal saline, and 
the packed cells stored at 4° C. No erythrocytes older than 36 hours were used in our experi- 
ments, 

Since the cells served for the titration of antibody in bronchial washings which are known 
to contain a lipid agglutinin (Fazekas de St.Groth, 1950), only ‘‘lipid insensitive’’ erythro- 
eytes (Stone, 1946) of ‘‘low inhibitor sevsitivity’’ (Anderson, 1948) were used in the tests. 


Titration of Antibody. 


Only the antibody produced against the virus particle (antihaemagglutinin) was titrated in 
the following experiments since all samples were post-vaccination and not post-infection sam- 
ples, and it has been shown previously that only the latter contain also antibody for the 
soluble antigen of influenza infected tissues. 

Serial twofold dilutions of sera or bronchial washings were made in 0-25 ml. volumes of 
0-5 p.c. fowl cells, and then a standard drop of saline (0-03 ml.) containing 5 agglutinating 
doses of active MEL virus added to each tube. The test was read after 20 minutes’ standing 
at room temperature, by which time the cells settled. Partial agglutination was taken as the 
end-point. The titres (reciprocal of the dilution giving partial agglutination) refer to 0-125 
ml. volumes, and not to 0-25 ml. By this means the results are directly comparable with those 
obtained by the standard test used in this Institute, which was also applied in some of the 
previous experiments published in this series (cf. also Fazekas de St.Groth and Donnelley, 
1950a). 

Sera to be tested were first inactivated in a dilution of 1:5 by heating at 62°C. for 15 
minutes (method of Donnelley, 1950). 


Preparation of Vaccines. 


A single batch of MEL (A) vaccine was used in the experiments. A pool of infected 
allantoic fluids (titre 900) was absorbed with 5 p.c. fowl cells in the cold (0°C.). After 30 
minutes, by which time the heavily agglutinated cells settled to the bottom of the tube, 95 p.c. 
(by volume) of the supernatant fluid was removed and the cells, covered now with an equal 
volume of fluid, placed in a water-bath at 37° C. for 4 hours to allow the virus to elute. At the 
end of this period the cells were spun out, and the virus in the removed fluid inactivated by the 
addition of 0-05 p.c. formaldehyde (0-125 p.c. formol) and a further incubation of 12 hours at 
37°C. The final preparation showed no infectivity when tested in eggs, and had a haemagglu- 
tinin titre of 14,000; it will be referred to as A-vaccine. It was used two days after prepara- 
tion. 

The B-type vaccines were not concentrated and were prepared from time to time, not more 
than three days before use. High titre (>600) allantoic fluids containing LEE (B) virus were 
made up to contain 0-05 p.c. formaldehyde and incubated for 12 hours at 37°C. The vaccines 
retained full haemagglutinin titre but had completely lost infectivity. 


Treatment of mice. 


Mice of uniform breed were obtained from the Institute’s animal rooms. Peritoneal inocu- 
lations were performed without anaesthesia; 0-10 ml. volumes were injected into the right 
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inguinal region. To prevent leakage, the needle was led for at least 15 mm. in the subcutaneous 
tissue before piercing the peritoneum. Intranasal instillations of 0-05 ml. volumes were done 
under light aether-chloroform (2:1) anaesthesia. Care was taken to reach the right degree of 
anaesthesia, so that the mice should take smoothly the full volumes of the vaccines given. 

The collection of blood samples and the preparation of lungs before taking bronchial wash- 
ings is described in detail in previous papers of this series (Fazekas de St.Groth, 1950; Fazekas 
de St.Groth and Donnelley, 1950, 1950b). 


Evatuation of the Infectivity Test, 


To assess the resistance of mice to influenza infection the method of Fazekas de St.Groth 
and Donnelley (1950c) was used. A full description and critical discussion of the procedure 
is given in the quoted paper. 

In short, a group of 30 mice was subdivided into 6 sub-groups. Each of these sub-groups 
was inoculated nasally with a dilution (100, 10-1, ... 10-5) of the challenging virus in horse 
serum saline. (In all experiments of the present study the Melbourne strain of influenza A was 
used.) A group of 40 normal control mice received inocula ranging from 10° to 10-7. Specific 
deaths were recorded, and the survivors autopsied on the seventh day. The degree of lung 
involvement is expressed as percentage of the possible maximum (death with complete consoli- 
dation of lungs within 5 days after infection), and the dose-response curve transformed to a 
straight line by substituting probit values for per cents. The sum of the mean probit-lesions 
of the six sub-groups gives the ‘‘total lesion’? (=) of an experimental group, i.e. its inte- 
grated response to a series of six challenging inocula. The difference between the ‘‘ total 
lesions’’ of any experimental group and a similar group of normal control animals is designated 
‘*dy’? (dy = ZL control ~~x)- Sinee the group of control animals contained eight sub-groups, 
the infectivity test was carried two tenfold steps further, thus allowing the formation of three 
sets of six sub-groups (100-10-5, 10-1-10-6 and 10-2-10-7). The average increment in ‘‘ total 
lesions’’ of these sets will correspond to a tenfold increase in infectivity, or reciprocally, to a 
tenfold decrease in resistance. This value is called ‘‘dj9’’. By dividing any experimental 
‘*dy’’ value by ‘‘dj9’’ the degree of protection, ‘‘P’’, of the respective group will be 


expressed in logig units (log P = oe ). The antilog of this value gives the protection in 
10 


arithmetic units. 

All Tables below—as was done in the previous papers—will give the experimentally deter- 
mined ‘‘ total lung lesions’’ (=Z) of each group, together with the difference of this value (dx) 
from that found in a group of normal mice. From these data and the equivalent of the average 
tenfold reduction in infectivity (d,9) the protection values (P) can be computed. The P-values 
show the factor by which a known inoculum proved to be less infective for a group of animals, 
or conversely, the factor by which this group was more resistant to infection than a similar set 
of normai, untreated animals. 

As determined earlier, in the range of 1 to 10,000-fold protection the accuracy of the test is 
such that logy9 1-0 differences (tenfold difference) are significant with a probability of 97/100. 
In regions of higher protection, because of the appearance of groups with zero response (no 
lesions), the error of the estimate increases. Consequently, no valid quantitative comparison 
ean be made between groups each of which has a P-value exceeding 1,000,000. In the following 
Tables, therefore, protection values higher than log 6-0 will be called ‘‘more than a million- 
fold’’, and no attempt will be made at comparing data within the range where the reliability of 
the method is below the standard to be required for critical tests. 
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EXPERIMENTS. 


960 mice between five and seven weeks of age were evenly distributed among the four 
main experimental groups. 

Each animal in Group I received a single dose (0-10 ml.) of the concentrated MEL (A) 
vaccine peritoneally at the beginning of the experiment. As done in the previous papers, this 
group will be designated ‘‘Ap’’—‘‘A’’ referring to the A-type vaccine and ‘‘p’’ to the site 
(peritoneal cavity) of inoculation. The index number indicates the day of challenging, e.g. 
‘*Ap21’? means ‘‘a group of mice immunized with A-type virus peritoneally and challenged 
with the homologous strain 21 days after vaccination.’’ 

The second group received 0-10 ml. of A-vaccine peritoneally and simultaneously the patho- 
topic adjuvant, 0-05 ml. of the unrelated B-virus, nasally. This group will be designated 
accordingly as ‘‘ApBn’’, the index numbers again showing the interval in days between 
vaccination and challenging. 

Mice of the third group were given 0:10 ml. of the A-vacecine at the beginning of the 
experiment, and the dose of the pathotopie adjuvant (9-05 ml. B-vaccine) seven days before 
challenging. The treatment of each sub-group can be easily seen from the symbols, e.g. 
‘*Ap77Bn7’’ refers to animals which received the adjuvating dose 77 days after their first 
vaccination with A-virus, and which were challenged 7 days after the second inoculation (i.e. 
77 +7 = 84 days after the first). 

The fourth group contained control animals, which did not receive any vaccine. 

At the day of challenging ten mice of each group were killed, their blood and bronchial 
washings taken. All samples were tested individually for antibody against the strain used in 
the infectivity test, Melbourne (A). Thirty animals of each experimental group were infected 
with a range of dilutions (1010-5) of freshly harvested MEL-virus on the days indicated. 
Control groups of forty normal mice received inocula ranging from 10° to 10-7. The test was 
evaluated as described under Methods. 

For easier comparison the weekly results of serological and infectivity tests are tabulated 
together; and the findings are stated only, not discussed. A correlation and evaluation of the 
data follows at the end of the paper. 


TABLE 1. 
ts i i gwar tgimin gia Zs Seer he | 
Vaccination Antibody against MEL Infectivity test ; | vo 
serum bronchi =L SC dx | log P | (P) 
ee = : | —- a ER WANA 
Ap7 130 0-9 22-65 11-85 | 5-46 288,000 
ApBn7 | 195 1-7 | 17-96 | 16-54 7°64 > 1,000,000 
| | i | | 
| | | dyg= | 
07 (control) | _ — 34-50 | 2-17 | 0-00 1 
| | 


| 
Mand : | = = 


Vaccines: A = type A (Melbourne strain) ; titre : 14,000. 
B == type B (LEE strain) ; titre : 640. 
p = peritoneally. 
n = nasally. 
The index number (7) shews the interval, in days, between vaccination and challeng- 
ing. 
Antibody titres are the geometric means of a group of ten mice on the day of challenging; 
— = <5 in serum and <0°5 in bronchial washings. 


The infectivity test is described in detail under Methods. 
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Seven days after vaccination with the very large amount of antigen used in 
this study (0-10 ml. of the concentrated vaccine corresponds to 75 ml. straight 
allantoic fluid per kg. of body weight), the antibody titres both in the 
serum and in the respiratory tract are high and of the same order of magni- 
tude in all vaccinated groups (Table 1). The corresponding protection values 
show that the animals were highly resistant against infection with the homolo- 
gous strain already at this early date. The group which received the pathotopic 
adjuvant (ApBn‘) seems to be more protected than that immunized in the 
ordinary way (Ap*). However, in view of the low accuracy of the test in 
regions of extreme resistance, it is realized that the results are not more than 
suggestive and that this difference can be considered significant only with a high 
probability of error. 
TABLE 2. 


| 
Antibody against MEL | 


Vaccination Infectivity test J 





Seti: ; Protection 
| serum |_ bronchi ZL SC dy | log P | (P) 
is ie | Paaae | 
Apl4 | 808 | 9-4 17-56 17-56 | 6°70 | >1,000,000 
ApBnl4 | 478 | 8-7 18-09 | 17-03 | 6-51 | >1,000,000 
Ap7Bn7 | 304 9-1 18-65 | 16-47 6-30 | >1,000,000 
| 
| | dig= | 
3 014 (control) | —_— —_ | 35-12 ! 2-62 | 0-00 1 








At the end of the second week (Table 2) antibody titres reach their maxi- 
mum both in serum and in the bronchi. Protection is more than a millionfold 
in all groups; this means that a quantitative evaluation of the results is severely 
impeded, if not precluded, by the high standard deviation of the estimates in this 
region (cf. Methods). 








TABLE 3. 
Vaccination Antibody against MEL | Infectivity test | Peotesiion 
‘serum | ~ bronchi - | LC r | log Pr i P) 

| | ce ie 
Ap?1 | 231 | 1-7 | 23-58 | 13-62 | 4°72 52,500 
ApBn?21 | 289 2-9 | 22-09 15-11 | 5-24 | 174,000 
Apl4Bn7 | 320 | 6-1 | 20-39 | 16°81 | 5-83 | 675,000 

| | | | 

| dig = | | 

021 (control) — — 37-20 | 2-895 | 0-00 | 1 


Twenty-one days after the beginning of the experiment (Table 3) a decrease 
is noticeable both in antibody levels and protection values, as compared with 
those of the previous week. At the same time the results of the infectivity test 
fall within the range where the method is accurate enough to allow of quantita- 
tive conclusions. 
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Serum antibody titres are evidently identical in all the three groups. How- 
ever, the level of antibody in the respiratory tract shows marked differences. 
The group which received the pathotopic adjuvant at the time of immunization 
(ApBn*!) has more antibody at the site of virtual infection than the one 
which did not receive an adjuvant (Ap?!) ; significantly higher is the mean 
bronchial antibody titre in animals which were given the dose of adjuvant only 
seven days prior to challenge (Ap!4Bn‘). A similar relationship is shown in 
the protection values: ApBn?! is more and Ap1!4Bn7 is significantly (>10 
times) more resistant than Ap”!. 


TABLE 4. 


Vaccination Antibody against MEL | Infectivity test ‘ 
£ : ti Protection 
serum bronchi | =L SCs dy | (P) 
l 
Ap2s | 131 | ‘1 | 24-88 | 9-12 
ApBn28 242 | 2-6 20-59 | 13-41 
Ap21Bn7 130 4 


| 

| 10,500 

| 5-91 | 813,000 
18-90 15-10 | 6 > 1,000,000 

| 

| 


dy; 
___0°8 (control) | : | 34-00 | 2-17 


By the end of the fourth week (Table 4) there is a further decrease in 
both antibody titres and protection values. The serum antibody levels are 
closely similar in all groups, while the amount of antibody in the respiratory 
tract varies according to the type of vaccination. ApBn** has more free anti- 
body than Ap?%, and the group which was given the adjuvant seven days before 
infection (Ap?1Bn7) shows, again, significantly higher titres in bronchial wash- 
ings than either of the others. As has been observed in the previous week, the 
two groups which received the nasal adjuvant besides the type-A vaccine are 
significantly more resistant to homologous infection than animals given an iden- 
tical dose of antigen, but without any adjuvant. The potentiating effect of the 
adjuvant is more marked in group Ap?!Bn? than in ApBn?§, that is, when 
administered 7 days before challenge than 28 days before it. 


TABLE 5. 








| 
Vaccination | Antibody against MEL | Infectivity test 
2 | & tt teP 


dita Protection 

serum bronchi | (P) 
_ é “| : 
Ap#2 66 | 24-67 
ApBn?#2 83 *f | 24-72 ! 
Ap%5Bn7 | 78 , 19-56 | 


| 
| | 
| | 
| 4: 17,800 
4. 16,600 
6: | >1,000,000 
| 


| 
| 
| 
| 


042 (control) 


35-69 




















INFLUENZA VI: DURATION OF IMMUNITY 565 


Six weeks after vaccination (Table 5) both the serological and immune 
state of the animals is inferior to that found at earlier dates. The main interest 
of this week’s finding is that the response of groups Ap*? and ApBn#? is nearly 
identical, i.e., the effect of the adjuvant given simultaneously with the vaccine 
did not last longer than approximately a month and a half, in mice. This fact 
emphasizes the superiority of the adjuvant given seven days before challenging 
(Ap?*5Bn‘). 

The serum titres are identical in all vaccinated groups, but there is a 
highly significant difference between group Ap®*°Bn7 and the two others in 
respect of bronchial antibody levels. In similar fashion, the resistance to infec- 
tion of group Ap?*5Bn? is roughly a hundred times higher than that of the other 
two immunized groups, which still show a more than ten-thousandfold protection 
as compared with the non-vaccinated controls. 


TABLE 6. 


| 
Vaccination | Antibody against MEL Infectivity test | 





| 
: | Protection 

| serum | bronchi | z=L SC dy | log P | (P) 

| - | | 
Aps4 28 | 0-6 | 25-50 | 8-17 | 3-48 | 3,020 
ApBn84 | 73 | 0-7 | 25-12 | 855 | 3-64 | 4,360 
Ap77Bn7 | 61 3°7 | 20-84 | 12-83 5°47 | 295,000 

| | | | 

| | | dio = | 
084 (control) | _ — | 33-67 | 2-35 | 0-00 1 


The last groups were challenged twelve weeks after the beginning of the 
experiment. By this time the serum titres had dropped to approximately one- 
tenth of their maximum, reached 14 days after immunization. They are, again, 
of the same order in all the three groups. Results of the bronchial antibody 
titrations and of the infectivity tests show that mice of group ApBn‘?* have no 
obvious advantage over those in group ApS‘; in contrast, group Ap7?7Bn? 
reaches significantly higher antibody levels in the respiratory tract and exhibits 
a corresponding hundredfold increase in specific resistance. 


DISCUSSION. 


The primary response of mice to influenza virus vaccines has been studied 
in detail and reported in previous papers of this series (Fazekas de St.Groth 
and Donnelley, 1950b, 1950c). The serological changes were followed for 21 
days, and it was shown that after immunization with killed vaccines the highest 
antibody levels were reached between days 10 to 14, and that by the end of the 
third week there was already a noticeable drop in titres. The present study 
covers a period of twelve weeks after immunization, and is concerned with the 
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changes both in the serological state and in the specific resistance to infection of 
animals vaccinated by different methods. 

The weekly antibody titrations revealed that the three groups which received 
identical amounts of A-type virus vaccine at the beginning of the experiments 
had practically identical serum antibody curves, irrespective of the further treat- 
ment of the animals. This fact allows of combining the results—as far as serum 
titres are concerned—and analysing them as a single group. Kinetic treatment 
of the data shows that the formula developed by Salley and Libby (1947) to 
describe the changes in antibody concentration in immunized animals gives a 
good fit with our results only in the first four weeks of the experiments: in later 
stages (e.g. 42 and, especially, 84 days after vaccination) the experimentally 
determined antibody titres are significantly higher than could be expected from 
the calculations. This discrepancy points at an inconsistency in their theoretical 
considerations, since to account for the findings one has to postulate either (a) 
the persistence of antibody production in the absence of antigen, as did Burnet 
and Fenner (1949) in their criticism of Salley and Libby’s hypothesis; or (b) 
the persistence of antigen in the animal organism, which is rather improbable in 
view of observations with radioactive antigens (Libby and Madison, 1947), the 
same work on which the abovementioned formula was based. The failure of the 
American authors to recognize this discrepancy can be attributed to the fact that 
their experiments were terminated 30 days after the administration of antigen, 
at which time the difference between the postulated and the actual antibody 
titres is still within the range of errors of the method. 

By comparing the serum antibody titres with the degree of immunity 
against infiuenza A of the same group of mice, it becomes once more evident 
that there is no direct correlation between the amount of circulating antibody 
and resistance. On the other hand, protection varies pari passu with the bron- 
chial antibody titres. One blatant exception to this rule is the discrepancy 
found in the first week (Table 1) where both vaccinated groups (Ap? and 
ApBn’‘), in spite of having relatively low antibody titres in the respiratory 
tract, show very high degrees of protection. However, it has to be borne in 
mind that the antibody titrations were performed on day 7, at the day of chal- 
lenging. Antibody formation was in progress then, and was due to increase four 
times during the period of the infectivity test, even if the presence of further 
antigen (multiplying virus) capable of eliciting a secondary type of response 
were disregarded. Presumably, the further amount of antibody formed during 
the test would participate in the protection of the animal; hence the discrepancy 
between the degree of protection and the antibody level before infection. Since 
the antibody level shows no increase after a fortnight, this exceptional state 
pertains to the first two weeks after immunization only. 

The findings with group ‘‘Ap’’ (immunized with A-vaccine peritoneally) 
indicate that the approximately 3 loge unit drop in circulating and bronchial 
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antibody is reflected in a roughly 3 logy» unit drop in specific resistance. The 
decrease of protection, as evident from the data presented, follows the same law 
as the disappearance of antibody, the difference being only in the reaction rate 
constants. This identity of the reaction kinetics is one more hint suggestive of 
antibody being the primary, if not only, determinant of specific resistance. 

The main interest of the experiments is the demonstration that the principle 
of pathotopic potentiation (Fazekas de St.Groth and Donnelley, 1950d) ean be 
applied successfully to increase resistance at any time after vaccination. En- 
hanced immunity induced by pathotopic adjuvants decreases at a relatively 
higher rate than immunity after simple peritoneal vaccination: 6 weeks after 
the beginning of the experiments there was no detectable difference between 
groups ‘‘Ap’’ and ‘‘ApBn’’. This finding can be well explained by the regres- 
sion of the antibody distribution coefficient to values of the order of less than 
0-5, commonly found after extra-respiratory immunization. On the other hand, 
it is only too clear that a dose of pathotopic adjuvant given seven days before 
challenging is capable, in every instance, of enhancing immunity on the average 
by approximately one hundredfold. This becomes especially evident when the 
three sets of log P-values are plotted against time. The curves of Ap* and 
ApBn' converge and meet after day 42, while group Ap*7Bn?7 runs parallel to 
Apt, but two log;9 units higher. 

From a practical point of view, if the principle were to be applied in 
human prophylaxis, this latter finding means that the nasal adjuvant should 
be given not simultaneously with the immunizing dose of antigen, but only at 
the beginning of an epidemic. Results obtained in experiments on animals 
cannot be transferred directly to humans. But if a parallelism in behaviour 
can be shown, our findings imply that by the proper use of available vaccines in 
combination with pathotopic adjuvants, the antibody produced after the com- 
monly used methods of immunization (subcutaneous, intradermal) can be 
‘*stored’’ in the serum and ‘‘turned on’’ only in the case of emergency, resulting 
in an immediate increase in specific resistance. 
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SUMMARY. 


The duration of active immunity in mice was studied after three types of 
anti-influenza vaccination. Antihaemagglutinin levels were determined in serum 
and in bronchial washings, and specific protection was assessed by challenging 
with live virus. 

Antibody titres and resistance attain highest values a fortnight after 
vaccination, and then decline from the third week onwards. After twelve 
weeks antibody titres are 3 logs units and resistance 3 logy9 units lower than 
the maximum. 

Pathotopic potentiation of immunity is effective in shifting the antibody 
distribution in favour of the respiratory tract, irrespective of whether the nasal 
adjuvant is given simultaneously with the immunizing antigen or at any later 
date. The rise in the bronchial antibody level coincides with an average hun- 
dredfold increase in specific resistance. 

For at least a month after administration the effect of the pathotopie adju- 
vant is demonstrable both by the changed distribution of antibody and by the 
enhanced protection. After this time the immune state gradually returns to that 
of the control animals. 

The relationship between antibody levels and resistance is discussed, and 
conclusions are drawn concerning the practical application of pathotopie adju- 
vants. 
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PLASMA INSULIN LEVELS IN DIABETES MELLITUS IN MAN 
by J. BORNSTEIN anp PHYLLIS TREWHELLA! 


(From the Baker Medical Research Institute, Melbourne). 
(Accepted for publication 9th May, 1950.) 


There are at least three mechanisms possible as the cause of the syndrome 
of diabetes mellitus. In this paper we describe an investigation of these 
mechanisms using the method of assaying insulin in plasma of human beings 
developed by one of us (Bornstein 1950a). This method involves the measure- 
ment of the depression of blood sugar, of alloxan diabetic, hypophysectomized, 
adrenalectomized (A.D.H.A.) rats, produced by the subcutaneous injection of 
the test substances. This technique had previously shown itself capable of 
determining plasma insulin concentration in normal subjects (Bornstein, 
1950b). 

Briefly, the most obvious possibilities as a cause of the syndrome are: 

(a) Failure of the Islets of Langerhans to secrete insulin; 

(b) Pituitary hyperactivity ; 

(ec) Abnormal destruction of insulin in the tissues by insulinase systems, such as have 
been shown to exist by Mirsky et al. (1949). 

Three separate groups of patients were investigated. First, there was an unselected group 
of eleven ‘‘new’’ diabetics presenting at the Diabetic Instructional Clinic of Alfred Hospital. 
Their ages were between 25-64 years. Secondly, four diabetic patients stabilized on protamine 
zinc-regular insulin mixture, and, thirdly, two insulin resistant diabetics who were not stable on 
900 units of regular insulin daily. 

As it was previously shown (Bornstein, 1950b) that plasma insulin is at a peak approxi- 
mately 2-24 hours after the oral administration of glucose, blood for the tests was always taken 
2 hours after the administration of glucose (50 gm.), centrifuged and 0-5 ml. plasma injected 
immediately into A.D.H.A. rats according to the technique described previously (Bornstein, 
1950b). 

As no insulin was detected in the plasma of a number of the cases studied, it was decided 
to see if the plasma of these patients had the power to destroy insulin. To plasma obtained 
from patients 1, 2, 7 and 9, crystalline zine insulin 0-2 milliunit/ml. was added. The mixture 
was incubated at 37° C. for 4 hours and then its insulin content assayed. Results are shown 
in Table D. 


DISCUSSION. 
A consideration of Table A shows that at least two forms of diabetes 


mellitus exist. One form consists of cases containing no free insulin in the 
plasma, and the other of cases having normal plasma insulin concentrations. 


1 Working under a full-time grant from the National Health and Medical Research 
Council, Australia. 
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RESULTs. 


The results obtained are expressed in the Tables below: 


A. 


11 unselected, untreated, diabetic patients. 


lood sugar in mg. p.c. Plasma insulin in 








Patient Sex Age at time of taking blood milliunits per ml. 
1 | F 41 486 0 
2 M 28 402 | 0 
3 | M 42 | 436 0 
4 | M 25 256 | 0-28 
5 F 64 238 0 
6 F 37 352 | 0 
7 M 52 486 | 0 
8 M 50 427 | 0-32 
9 F 47 324 | 0 
10 F 56 403 | 0-30 
11 | M 36 372 0 
SRE 
B. 
4 unselected, stable, diabetic patients. 
oes | | 4 , 
Patient | Sex | Age | Bloodsugar | Insulin/day | Plasma insulin 
aa [ | | | oe ie 
12 | F | 58 90 | 32 units | 20 
13 | F 37 | 160 40 units | )-22 
- | M | 41 151 36 units | )+26 
15 | M 38 143 | 28 units | -24 
| | | ! | 
C. 
2 insulin resistant diabetic patients. 
wa a ; “ | Ma = Visa 
Patient | Sex | Age Blood sugar | Insulin/day | Plasma insulin 
; | Cc | ey ee 
16 1 F | 54 | 406 900 units | 0 
17 | F | 63 382 } 900 units 0 
| | | | _ 
D. 
| ; | Fall with 0-5 ml. diabetic 
| Known fallof blood sugar | plasma + 0-1 milliunit 
Group | with 0-1 milliunit of insulin | insulin 
ae “ | ~ - 
(a) tAB (8 A.D.H.A. rats) | a7: 3-3" | 27+ 8-1 
(b) <A, (8A.D.H.A. rats) | 29 + 8-1 | 28 + 7°9 
(ce) Ay, (8 A.D.H.A. rats) | 29 + 8-4 | 27 + 9-1 
(d) ABs (8 A.D.H.A. rats) | 30 + 7-6 | 29 + 8-2 
| 








* = represents standard deviation. 


t ABo, Aj, ete., refer to groups of rats according to cage numbers. 
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This finding, however, in no way indicates the causative mechanism of 
diabetes mellitus. It is possible that the cases in whom no insulin is present, 
may either be failing to secrete insulin or may have an abnormally rapid 
destruction rate. If the latter, then the destruction is in the tissues and not 
in the plasma, as is shown by the results in Table D. 

The cases showing approximately normal concentrations of insulin present 
a further problem, as it would appear that some factor is either preventing the 
insulin from operating normally or that the diabetic state has no connection 
with the plasma insulin levels. 

The four cases of stable diabetes suggest that in certain cases normal 
blood sugar is restored at a normal plasma insulin concentration. 

The two cases of insulin resistant diabetes presented, however, a different 
problem and differed from each other very considerably. 

Case 1 was a moderately severe diabetic under treatment and was receiv- 
ing 80 units of insulin daily when quite suddenly she developed insulin resis- 
tance and a severe ketosis, which was finally abolished on 900 units/day, but 
her blood sugar level remained high. As no insulin was present in the blood 
two hours after the injection of 300 units subcutaneously, it appears that there 
was rapid destruction or inactivation of insulin. All attempts to find a causa- 
tive factor and to transfer the resistance to intact animals failed or were incon- 
clusive, 

Case 2 presented as a very mild diabetes but it was soon found that she 
could not be stabilized even with 900 units insulin per day. Ketosis never 
developed. Investigation showed that excretion of 11 oxysteroids (Venning, 
1948) was increased to 290 micrograms in 24 hours (normal 40-60) and it 
appears possible that the patient has pituitary basophilia rather than true 
diabetes mellitus. In this case, again no insulin could be demonstrated two 
hours after the subcutaneous injection of 300 units regular insulin. Thus 
again there could be a rapid destruction or inactivation, although it is pos- 
sible that sufficient cortical hormone was present in the sample of plasma to 
antagonize the action of the insulin. 


Conclusions. 


From these observations, it appears that there are at least two types of 
diabetes mellitus, one with no free plasma insulin and the other with appar- 
ently normal plasma insulin concentrations. Further, it would appear that the 
giving of exogenous insulin to some diabetics will restore the plasma insulin 
to within the normal range. 

The findings in the two cases of insulin resistance suggest that mechanisms 
for the destruction of insulin exist, thus corroborating the experimental findings 
of Mirsky et al. (1949), and that these may overact and possibly be influenced by 
hypophyseal activity. 
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SUMMARY. 


The technique for the assay of minute amounts of insulin using alloxan 
diabetic, hypophysectomized, adrenalectomized rats, has been applied to the 
study of plasma insulin concentrations in diabetes mellitus. 

Two types of diabetes mellitus are demonstrated: First, a group with no 
free plasma insulin, and, secondly, a group in whom the plasma insulin is in 
the normal range. 

It has been found that in some diabetic patients, stable on insulin, plasma 
insulin is in the normal range. 

Two cases of insulin resistance, apparently due to differing causes, showed 
no free insulin. 

Acknowledgment. We should like to thank Dr. Ewen Downie for permission to study these 
cases. 
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ENDOCRINE INFLUENCES ON GLYCOGEN DEPOSITION 
IN THE ISOLATED RAT’S DIAPHRAGM 


by J. BORNSTEIN ann PHYLLIS TREWHELLA! 


(From the Baker Medical Research Institute, Melbourne), 
(Accepted for publication 9th May, 1950.) 


Many papers have appeared in the past 25 years concerning the interaction 
of the hormones of the pituitary, adrenal and pancreas in relation to carbohy- 
drate metabolism. Gemmill! (1941) showed that glycogen deposition in isolated 
muscle, rat’s diaphragm, could be used as an indication of insulin action. He 
demonstrated that in isolated muscle the sole action of insulin was concerned 
with glycogen deposition and that any increase in glucose utilization under the 
influence of insulin was accounted for by glycogen deposition which was not 
accompanied by any increase in oxygen consumption. 

In this paper is described a series of experiments in which the action of 
insulin measured by glycogen deposition in the isolated rat’s diaphragm is 
studied under conditions where the animal has been deprived of one or more 
of these hormones. 


Houssay and Magenta (1925) demonstrated that hypophysectomized animals were more 
sensitive to the hypoglycaemic action of insulin and Neilsen et al., (1938) showed that adrenal- 
ectomy had a similar effect. 

These experiments indicate that the pituitary and adrenals have an action antagonistic 
to that of insulin. This antagonism was further illustrated when Verzar et al. (1949) demon- 
strated that adrenal cortical hormones inhibited glycogen deposition in isolated muscles and 
Corkill and Nelson (1947) showed that the injection of a crude pituitary extract 24 hours 
prior to the removal of the diaphragm also inhibited glycogen deposition. 

These effects, however, could be due to the facts that following hypophysectomy, the 
adrenal cortex atrophies and that injection of a pituitary extract stimulates the adrenal cortex 
in intact animals. 

Cori et al. (1945), working with muscle extracts obtained evidence which indicated that 
the function of insulin was to neutralize the effect of an unknown pituitary factor and that it 
had no action beyond this. 

Krahl and Cori (1947) produced further evidence in support of this hypothesis when 
they demonstrated that there was a diminution of glucose utilization in the diaphragm of 
alloxan diabetic rats. 

The validity of the last conclusion must be doubted as a result of experiments recorded by 
Perlmutter and Greep (1948), Krahl and Park (1948), Bornstein and Nelson (1948). 

These workers showed that in the diaphragms of hypophysectomized animals, although 
glucose utilization and glycogen deposition were increased, the usual effect could be obtained 
with insulin. 

Bartlett et al. (1949) and Villee and Hastings (1949) used radioactively labelled glucose 
in an attempt to elucidate the problem, and demonstrated that alloxan diabetes diminished 
utilization of glucose and hypophysectomy and adrenalectomy restored this to normal. 

More recently Stadie and co-workers (1949) showed that in the Gemmill experiment insulin 
rapidly becomes ‘‘bound’’ to the muscle and that this can be prevented by the injection of 
pituitary growth hormone prior to the removal of the diaphragm. 





1 Working under a full-time grant from the National Health and Medical Research 
Council, Australia. 
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However, it has been often shown that adrenalectomy restores to normal the diminished 
glycogen deposition found in alloxan diabetes. Thus it would appear that there are at least 
two factors antagonizing the action of insulin. 

Recently one of us (J.B.) has sueceeded in producing an alloxan, diabetic, 
hypophysectomized, adrenalectomized rat (1950). Such a preparation is free 
from all known endocrine influence, and has been used to study the wnantago- 
nized insulin action on glycogen deposition. 

In view of the above discussion, groups of rats treated in the manner 
indicated were investigated. 

A. Normal controls; B. A.D. (i); C. A.D.H. (ii); D. A.D.A. (iii); 
EK. A.D. H.A. (iv).? 

Alloxan diabetes was produced by the injection of 50 mg. alloxan/kilo in 
all cases. 

The technique of the classical Gemmill experiment (1941) was followed. 

Glucose-Ringer solution with glucose concentration of 200 mg. p.c. in all 
experiments, was used as substrate. 

Stock albino rats of 150-160 gm. weight were used. The diaphragms were removed after 
stunning. Each diaphragm was divided into 3 portions, one being used to determine the initial 
glycogen concentration and the others ineubated at 37-2° C. with 2 ml. substrate in a Warburg 
vessel for 2 hours, shaken at 78 times/minute. Crvstalline zine insulin was added to each alter- 
nate vessel in a concentration of 0-5 unit/ml. 

All glycogen estimations were made by the method of Good, Kramer and Somogyi (1933). 

Results are expressed in the following Tables. 


RESULTS. 
Group A. Normal control group. 15 rats. 


Glycogen in gm./100 gm. wet tissue. 








(i) | ii) | (iii) (iv) 
Tnitial value | Without insulin | With insulin | Difference 
| | | 
0-13 0-15 0-58 | 0-43 
0-13 | 0°15 0-56 | 0-41 
0-10 | 0-12 0-68 | 0-56 
0-12 | 0-12 | 0-48 | 0-36 
0-11 | 0-11 0-40 | 0-29 
0-15 | 0-15 0-51 | 0-36 
0-14 | 0-20 0-53 | 0-33 
0-18 | 0-20 0-53 | 0-33 
0-18 | 0-21 0-56 | 0-35 
0-15 | 0-17 0-48 | 0-31 
0-10 | 0-13 0-66 | 0-53 
0-16 | 0-16 0-58 | 0-42 
0-14 | 0-14 0-49 | 0-35 
0-23 | 0-23 0-56 | 0-33 
0-13 0-16 0-48 | 0-32 
— | -~- | -—~ | 
x 0-14 | 0-16 0-54 | 0-38 
S (x—2x)2 0-0167 | 0-0180 | 0-0668 | 0-0862 
S.D. + 0-03 | S$.D. + 0-04 | $.D. + 0-07 | $.D. + 0-08 








2A.D. Alloxan diabetic; A.D.H. Alloxan diabetic hypophysectomized; A.D.A. Alloxan 
diabetic adrenalectomized; A.D.H.A. Alloxan diabetic hypophysectomized adrenalectomized. 











Glycogen in gm./100 gm. wet tissue. 


Group B. A.D. 


| 














18 rats, 
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po 
| Blood 

















i (ii) | (iii) (iv) 
Initial value | Without insulin With insulin | Difference | Sugar 
| ce ee rc er 
0-05 0-08 0-15 0-07 | 1,100 
0-05 | 0-10 0-24 0-14 | 600 
0-05 = | 0-07 0-15 0-08 | 900 
0-12 | 0-16 0-36 0-20 | 325 
0-16 0-16 0-30 | 0-14 | 462 
0-20 } 0-20 | 0-34 0-14 | 551 
0-05 | 0-08 0-14 0-06 | 660 
0-18 | 0-18 0-34 0-16 | 382 
0-05 0-15 0-23 0-08 | 612 
0-05 | 0-05 0-08 0-03 | 748 
0-04 | 0-04 0-17 0-13 | 586 
0-03 | 0-06 0-15 | 0-09 | 850 
0-04 | 0-06 0-09 | 0-03 | 650 
0-10 | 0-10 0-20 | 0-10 | 640 
0-08 0-08 0-26 0-18 | 510 
0-24 | 0-24 0-39 | 0-15 | 610 
0-17 | 0-17 | 0-33 | 0-16 | 420 
0-18 | 0-18 | 0-31 | 0-13 | 714 
——e | | — i ‘'| 
a 0-10 | 0-12 | 0-24 | 0-12 | 
S (x—x)2 0-0760 | 0-0612 0-1629 | 0-0424 =| 
S.D.+0-07 | SD.+0-06 | SD.+0-10 | SD.+0-05 ~~ | 
Group C. A.D.H. 8 rats. 
Glycogen in gm./100 gm. 
” nes Sua ef a 
(i) | ii) (iii) (iv) 
Initial value | Without insulin | With insulin | Difference 
aCe ERnenenmmneane Gummmmesemmmeen fas 
0-24 | 0-24 | 0-52 | 0-28 
0-11 0-13 | 0-39 0-26 
0-20 0-23 0-64 0-41 
0-33 | 0-34 | 0-64 0-30 
0-20 | 0-21 0-52 0-31 
0-27 | 0-31 | 0-66 0°34 
0-16 | 0-18 | 0-49 0-31 
0-17 | 0-17 | 0-53 0-36 
—— _ , —— — 
az 0-21 | _—0- 283 — 0-55 | 0-32 
8S (sz —z)2 0-0332 | 0-0351 | 0-0576 | 0-0159 
SD.+0-:07 | SD.+0-07 | S.D. + 0-09 | S.D. + 0-04 
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Group D. A.D.A. 9 rats. 
Glycogen in gm./100 gm. 











i) | (ii) l Gi) = =| _ (iv) 
Tnitial value | Without insulin | With insulin | Difference 
-~ = ~ at is | ; : | 
0-08 =| 0-08 0-36 0-28 
0-02 | 0-02 | 0-43 0-41 
0-15 0:18 | 0-54 | 0-36 
0-31 =| 0-31 0-64 0-33 
0-20 | 0-20 0-41 0-21 
0-20 | 0-20 | 0-54 0-34 
0-19 = | 0-24 0-52 0-28 
0-16 | 0-19 0-41 0-22 
0-27 | 0:27 | 0-58 0-31 
sane . — 
20-17 | 0-19 0-49 0-30 
S (x—z)2 0-0599 | 0-0646 0-0638 | 0-0336 
S.D.+0-09 | S.D.+0-1¢6 | §.D.+0-10 | S.D. + 0-06 


Group E. A.D.H.A. & rats. 


Glycogen in gm./100 gm. wet tissue. 





i | (ii) (iii) | (iv) 
Initial value Without insulin With insulin | Difference 
; _ | | 
0-29 | 0-29 0-68 | 0-39 
0-38 } 0-47 | 0-89 | 0-42 
0-26 | 0-28 | 0-84 | 0-56 
0-31 | 0-31 | 0-68 | 0-37 
0-30 | 0-32 0-72 | 0-40 
0-24 | 0-26 0-68 | 0-42 
0-28 | 0-30 0-74 0-44 
0-34 | 0-36 0-79 | 0-43 
ss | ae | suai | ~—e 
z0-30 = | 0-32 0°75 0-43 
S (x—ax)2 0-0138 | 0-0307 | 0-0450 | 0-0233 
$.D.+0-04 | S.D.+0-07 | S.D. + 0-08 | S.D.+ 0-06 
DISCUSSION. 





The results tabulated show that under some conditions significant altera- 
tions occurred in the glycogen reserve of the muscle (Columns i) and in the 
insulin action (Columns iv). 

First the glycogen reserves will be considered : 

(a) For A(i) and B(i) »=31 T—2-08 ..P is 0-05 
Therefore although the depression in glycogen reserve cannot be regarded as 
absolutely significant, the figures strongly suggest that in the absence of endo- 
genous insulin there is a diminution of glycogen in the muscles. 

(b) For B(i) and C(i) »=24 T=3-69 ..P is 0-01 

B(i) and D(i) »=25 T=2-47 ..P is 0-02 
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Therefore both hypophysectomy and adrenalectomy result in an increase in the 
glycogen stores of muscle in the absence of endogenous insulin. 

(ec) For E(i) and A(i) »=21 T=9-12 ..P is 0-001 

E(i) and B(i) »=24 T=7-83 ..P is 9-001 

E(i) and C(i) »=14 T=—3-104 ..P is 0-01 

E(i) and D(i) y=15 T=3-93 ..P is 0-01 
Therefore there is no doubt that when both the hypophyseal and suprarenal 
influences are removed there is a marked increase in the glycogen reserves in 
the absence of endogenous insulin and that this is greater than that found when 
either the hypophysis or suprarenals alone are removed. 

Thus it may be concluded that in the intact animal, in the absence of 
endogenous insulin, there is a fall in the muscle glycogen reserves and that 
this is due to the action of the pituitary and adrenal glands. 

As the removal of both produces a far greater increase in the muscle 
glycogen than the removal of either gland alone, it is concluded that the two 
glands have separate and distinct but complementary actions antagonizing 
insulin. 


Insulin Action. 


Insulin action is shown in all Tables as the glycogen deposited under the 
action of exogenous insulin (Columns iv). Comparison of these figures shows: 


(a) For A (iv) and B(iv) »=31 T=$11-63 ..P is 0-001 
Therefore in the absence of endogenous insulin in the otherwise intact animal, 
a given amount of insulin produces a much lower effect than normal. 
(b) For B(iv) and C(iv) 725 T=9-08 ..P is 0-001 
B(iv) and D(iv) 7»=26 T=8-06 .°.P is 0-001 


Therefore in the absence of endogenous insulin both hypophysectomy and 
adrenalectomy significantly increase the action of a given amount of insulin. 
(ec) For E(iv) and A(iv) y—21 T is 1-58 .°.P is 0-2 
E(iv) and B(iv) 724 Tis 12-08 .°.P is 0-901 
E(iv) and C(iv) »=—14 Tis4-15 ..P is 0-01 
E(iv) and D(iv) »=15 T is 4:37 ..P is 0-01 
Thus in the absence of endogenous insulin, combined hypophysectomy and 
adrenalectomy restores the glycogenic action of a given amount of insulin to a 
normal level and this effect is significantly greater than that produced by either 
hypophysectomy or adrenalectomy alone. 


Conclusion. 


The above results lead to the conclusion that the glycogenic action of insulin 
is opposed by the hormones of both the hypophysis and the adrenals. The 
results obtained using A.D. (alloxan diabetic) animals suggest that some insu- 
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lin is required to ‘‘neutralize’’ the effects of the hormones of these glands and 
that only after this has been accomplished does the full action of excess insulin 
appear. 

It is also concluded that, since combined hypophysectomy and adrenalec- 
tomy produces a greater effect than either operation alone, each gland plays a 
synergic part in opposing insulin action. 

Indirectly these results confirm the findings of Stadie ef al. (1949) that 
the hypophysis influences carbohydrate metabolism directly, probably through 
the growth hormone. 


SUMMARY. 


The Gemmill technique was used to study endocrine influences on glycogen 
deposition in the isolated rat’s diaphragm. 

It is shown that in the absence of endogenous insulin, the glycogen stores 
in muscle are depleted and that the action of a given amount of exogenous 
insulin is diminished. 

It is shown that either hypophysectomy or adrenalectomy results in the 
restoration of muscle glycogen content to at least normal and, in the absence 
of endogenous insulin, increases the action of a given dose of exogenous insulin 
towards the normal. 

It is shown that combined hypophysectomy and adrenalectomy, in the 
absence of endogenous insulin, results in a marked increase in the muscle glyco- 
gen reserves, and in a significantly greater action of exogenous insulin than does 
either operation alone, and it is concluded that there are separate factors from 
each gland opposing the action of insulin. 
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In 1938 Dodd, Buddingh and Johnson observed that the virus of herpes 
simplex could be isolated with ease from typical cases of aphthous stomatitis 
in infants, so providing presumptive evidence of its etiological association with 
the disease. In the following two years this work was extended by Burnet 
and Lush (1939) and Burnet and Williams (1939). They confirmed that the 
virus could be isolated from mouth lesions and showed that at the time of 
infection no herpes antibody was present in the blood but that it appeared 
with regularity ten to twenty days after the onset of the infection. This 
established the primary character of the herpetic infection in such cases. 
Extensive surveys of the presence of antibody in children of various ages and 
in adults led to the interpretation that following primary infection, usually at 
an age between one and three years, the virus persisted indefinitely in areas of 
skin contaminated at the time of the primary infection. In such persons anti- 
body persisted through life, presumably because of the persistence of infection 
and its periodic activation in the form of recurrent herpes. 

In unpublished experiments (with formalinized virus vaccines) Nagler 
found that vaccination of adults subject to herpes had no influence on the 
frequency or severity of herpetic attacks. In a previous study Anderson and 
Hamilton have shown that herpetic stomatitis did not occur under the age of 
one year in children born of herpetic mothers in a Melbourne orphanage. One 
hypothesis in explanation of this finding was that maternal immunity persisted 
in the child for fourteen months on the average, although circulating herpetic 
antibody was demonstrable by present techniques only until the age of about 
seven months. This suggested the possibility of protecting children against 
primary herpetic infection by vaccinating them with dead herpes virus before 
twelve months of age. It was hoped that if sufficient immunity could be pro- 
duced by this procedure to tide the children over the critical period of the 
second year it might be possible to prevent primary herpetic infection altogether 


1 This work was carried out under a grant from the National Health and Medical Research 
Council, Canberra. 
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and so relieve a number of individuals from a lifelong susceptibility to reeur- 
rent herpes. 

In this paper we describe the results of such an experiment carried out in 
the Melbourne orphanage in which our previous work had been done. Clinical 
and serological results are given and although the experiment had necessarily 
to be on a small seale these results show quite definitely that the type of 
vaccination used was wholly ineffective in preventing primary infection. 


EXPERIMENTAL. 
Preparation of Vaccine, 


The vaccine was a suspension of herpes virus grown in the amniotic sac of chick embryos, 
by Nagler’s (1946) method, and killed by heat and formalin. Eight-day-old chick embryos 
were inoculated into the yolk sac with approximately 125 infective doses of herpes virus, in a 
volume of 0:25 ml. After three days’ incubation at 35° C., amniotic fluids were harvested. 
Most of the amniotic fluids contained between 108 and 101° infective doses per ml. (for the 
chorioallantois) ; corresponding allantoic fluids varied in their virus content to such a degree 
that they were deemed unsuitable for routine use in the preparation of vaccine. Pools of 
bacteriologically sterile amniotic fluids were made from samples containing at least 109 infec- 
tive herpes particles per ml. Formalin was added to 0-025 p.c. and the mixture held at 55° C. 
for 30 minutes. The viability of the virus as tested in eggs was destroyed by this procedure. 
The vaccine was stored for up to three months at 4° C. before use. 


Potency of Vaccine. 


The antigenic potency of the vaccine was estimated by the antibody response which followed 
single injections of 1-0 ml. subcutaneously in rabbits and in humans. Herpetic antibody was 
titrated by the method described earlier (Anderson and Hamilton), the titre being expressed as 
the percentage of the saline control to which the number of pocks on the chick chorioallantois 
was reduced by admixture of a virus dilution with a 1:10 dilution of serum. In one series of 
rabbits, sera taken before vaccination reduced the pock counts to 100 p.c., 80 p.c. and 65 p.e. 
of the control, whereas two weeks after one injection of vaccine, sera from the same series of 
rabbits reduced pock counts to 8 p.c., 20 p.c. and 25 p.c. respectively. 

A similar trial vaccination in adolescents and adults gave a more variable result. Seven 
persons not subject to clinical herpes were injected each with a single dose of 1-0 ml. sub- 
cutaneously. Paired sera taken at the time of vaccination, and three weeks later, reduced the 
pock counts as follows: 47 p.c.—25 p.c., 39 p.c.-23 p.c., 45 p.c.-33 p.c., 60 p.c.—35 p.c., 
55 p.c.—60 p.c., 47 p.c.—9 p.c., 20 p.c.-2 p.c. 


Vaccination of Subjects. 


The subjects of the present study were children in the Melbourne orphanage described in 
our previous paper. The study included every healthy child in permanent residence, who was 
between the ages of seven and ten months during the period September, 1947 to April, 1948. As 
the children entered the study they were assigned alternately to the group to be vaccinated 
(group A) or the group to act as controls (group B). Eventually 16 subjects were placed in 
each group, but during the period of the survey six from each group left the orphanage. Those 
in Group A received one ml. of undiluted vaccine subcutaneously in the upper arm at the age 
of about eight months and this was repeated in nine of the children two months later. Imme- 
diately before each dose of vaccine, a preliminary intradermal injection of 0-1 ml. of vaccine 
was given into the forearm. This produced no effect in any of the children who had not been 
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vaccinated; but in seven of the sixteen children tested before the second vaccination, an area 
of oedema and of erythema greater than 2 em. in diameter was produced in one hour. The 
subsequent second vaccination was omitted in the case of these seven children. 


Observations Made. 


All the children in the survey, both group A and group B, were bled at about eight months 
of age, again three months later, and a third time at about twenty-four months of age. The 
sera were titrated for herpetic antibody on the chorioallantois of chick embryos. The first two 
sera of each child, bridging the ages of vaccination, should have shown any serological response 
to that procedure. The third serum should have indicated the occurrence or absence of primary 
herpetic infection during the months when such infection is known to occur in non-vaccinated 
children, 

In addition, the children were observed by one of the authors, and by the nursing Sisters 
at the orphanage. Cases of stomatitis were recorded. 


Results. 


Ten of the vaccinated group were followed through the whole of the experimental period 
(Table 1). Five were vaccinated twice, five only once. With the possible exception of one 
ease (F.F.) the vaccine could not be shown to promote a rise in herpetic antibody in any of 
these subjects. 

One of the children (K.W.) had a high level of herpetic ‘‘antibody’’ in all bleedings. The 
titrations of the third bleedings clearly indicated that all of the other nine children were 
infected with herpes virus subsequent to their vaccination, and it is presumed that the stoma- 
titis in the tenth child (K.W.) was also herpetic. In six cases this primary herpetic infection 
produced a stomatitis, in four cases no symptoms were detected and the diagnosis of primary 
infection rested on the serological test. 


TABLE 1. 


Results in vaccinated infants followed through the whole of the experimental period. 


| | | | Sera obtained 








| Ageat | a | Herpetic antibody 
vaccination! Soe og _ Age at bleeding | content at bleedingt 
— and age a | 

me Birthdate Ist 2nd | occurrence | I | It , III | x | Il | III 

| | mths. «| mths. | mths. 1, mths mths. mths. p.c. ~ p.c. | p.c. 

M.G. | 4/12/46 | 10 | 12 | | 10 | 13 27 = | | 2-2 
F.G. | 18/1/47 9 | 11 | 21/12/47 11 | 9 12 26 1-5 | 0-7 
J.M. | 15/2/47 8 | 10 | 8 11 25 100 a0 | 0-7 
R.W. | 3/4/47 8 | 10 | 21/11/48 19 | 8 11 24 80 92 0-4 
M.S. | 5/5/47 8 | * | 14/7/48 14 8 11 23 72 66 0-5 
Mc. | 26/5/47 | 8 | * | 1/12/48 19 | 8 |11 | 22 | 64] 66 | 0-06 
B.M. | 3/6/47 | 84 | * | 28/11/48 174 | 84% | 113 | 22 — | 100 0-05 
F.F. | 19/6/47 8 | 10 ‘| | 8 11 22 33 0-6 
D.L. 11/7/47 8 x | | 8 11 21 100 70 1-7 
K.W. 30/8/47 74 | ‘“ 8/12/48 15 74 | 103 | 20 “<a i <s 2-4 





























* Reacted to skin test: 2nd vaccination omitted. 
t Expressed as percentage to which the number of foci was reduced by the action of serum. 
A low figure indicates a high titre of antibody. 

— Test not done. 
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TABLE 2. 


WILLIAMS 


Results in control infants followed through the whole of the experimental period. 


A 
~ 
=} 
@ 


Hew Rb <b 
Mana SOR bh 


ae 


| 

| 
Birthdate | 
| 
22/2/47 
| 
19/3/47 
12/4/47 | 
26/5/47 
13/5/47 
28/5/47 

1/6/47 
13/6/47 
18/6/47 
21/9/47 


Stomatitis—date and 
age at occurrence 


mths. 
14/4/48 14 
21/6/48 16 
4/7/48 153 


2/7/48 13 


7/9/48 


| 
| 
| 


Age at bleeding 


I 


| mths. 


| 


8 


w 


te 


“1 90 


| 
| 


| 


Sera obtained 


| Herpetic antibody 
content at bleedingt 


| 

Il | | © | WwW | mw 

| | | 

mths.| mths.| p.c. | pc. | p.c. 

11 | 25 | 30 47 | 0-2 
11 | 24 | 75 55 3°8 
11 2a | — 100 40 
11 | 22 | 92 52 0-1 
11 | 22 52 | 100 1-1 
11 | 8 i 7% | 100 0-2 
114 | 22 | 80 | 100 0-5 
11 | 22 | 44 | 100 4°5 
11 | 21 | 52 | 96 1-8 
10 | 20 | 58 | 60 75 

| | 








t Expressed as percentage to which the number of foci was reduced by the action of serum. 
A low figure indicates a high titre of antibody. 


— Test not done. 


Ten of the control group were also followed through the whole of the experimental period 


(Table 2). 


Eight were shown serologically to have been primarily infected with herpes simplex 
virus during the study; in five of these eight cases the infection produced symptoms. 


TABLE 3. 


Results in vaccinated infants who were not available for final tests. 


Birthdate 


31/12/46 
27/2/47 
23/4/47 
20/6/47 
10/7/47 
21/8/47 


Sera obtained 


a 
|Herpetic antibody 
‘ 





Age at ; as Age at | content at 
| vyaeeination | Stomatitis—date | bleeding bleedingt 
| ] and age at | : 
Ist 2nd | occurrence ri at = ts 
| | | 
mths. | mths. mths. mths.| mths. | p.c. | p.e. 
ios | & | 9 | 2 100 2 
| 84 | 104 | 84 | 11% | 75 2-5 
74 | 93 25/5/48 13 | 74 | 103 | 92 25 
8 ° 8 11 =| 100 | 75 
| 8 . 4 8 | 11 | 92 | 92 
e | 2 8 | ll | 


* Reacted to skin test: second vaccination omitted. 
t Expressed as percentage to which the number of foci was reduced by the action of serum. 
A low figure indicates a high titre of antibody. 


92 


14 
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TABLE 4. 


Results in control infants who were not available for finai tests. 


Sera obtained 


| 
| Herpetice antibody 


Age at bleeding | content at bleedingt 

| Stomatitis—date and! 

Name | Birthdate | ageatoceurrence | I | II | I | II 
| | | | 

| mths. | mths. | mths. | p.c. | p.c. 
A.M. | 14/12/46 | | 10 | 13 | ~ 9g0 | 50 
H.c. | 19/12/46 | 10/648 18 | 10 | 13 | 7% 50 
G.H. | 28/2/47 | S re PS 100 
M.B. | 11/3/47 | 8 11 } 90 62 
K.O. | 20/5/47 | 17/5/48 12 | 8 11 72 66 
CR. | 20/9/47 | 7 | 10 | 84 70 


t Expressed as percentage to which the number of foci was reduced by the action of serum. 
A low figure indicates a high titre of antibody. 


Twelve children left the orphanage before the completion of the studies; information rela- 
tive to them is presented in Tables 3 and 4. Probably the small rise in antibody in case A.H. 
was due to the vaccination. In the absence of a third serum sample, it is impossible to be 
sure whether the antibody rises in cases D.R., M.M. and P.G. were due to the vaccine or to a 
subclinical infection. The absence of corresponding antibody rises in the unvaccinated group 
at the time of their second bleeding, together with a consideration of the usual age of 
incidence of primary herpetic infection, argues in favour of the vaccine as the cause of these 
rises, 


DISCUSSION. 


Results of the complete study are summarized in Table 5. Only four 
children were demonstrated to produce antibody following herpetic vaccina- 
tion, and in none of these children were adequate observations possible. Three 
of them left the study before the age when normal children are known to 
develop primary herpetic infection. The fourth child (A.H.) developed stoma- 
titis, assumed to be herpetic, two and a half months after a small rise in 
antibody had been demonstrated. 


TABLE 5. 


Summary of results, 


| | Antibody rise 


! 
| | vb 
after after known or 
| No. of infants | Stomatitiseases | vaccination | presumptive infection 


| | 
Vaccinated 16 7 | 4+/16 | 9/10 
Unvaccinated | 16 | 6 | — | 8/10 


ea | | | 
+ Because information regarding these 4 cases was incomplete, the causal relation between 
vaccination and antibody rise, though probable, was not definite. 
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Of the nine vaccinated children who entered the study with no herpetic 
antibody, all were naturally infected subsequent to vaccination. This result 
speaks clearly against the efficacy of vaccination as it was done in this study. 
This failure of protection may have been due to the inadequate nature of the 
antigenic stimulus. 

It is of passing interest to note the presence of an inhibitory substance for 
herpes virus in the serum of patient K.W. at the age of seven and a half 
months. This inhibitor must be assumed to be herpetic antibody. This is the 
only example we have noted of a child under eleven months of age possessing 
and retaining what must be assumed to be actively-produced herpetic antibody. 


SUMMARY. 


Sixteen children under one year of age were vaccinated with dead herpes 
simplex virus. Nine of them without initial serum antibody, were followed for 
over a year. The vaccination was of no benefit in preventing primary herpetic 
infection under the conditions of this study. 
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Since the preliminary investigation by Atkinson (1946 a, b) of the anti- 
biotie properties of aqueous extracts of the fungus Psalliota xanthoderma 
which is common to South Australia, efforts have been directed towards con- 
centration and isolation of the active principles. 

Pope (1948) described preliminary extraction with methyl alcohol, followed 
by partition with ethyl ether, ethyl] acetate, chloroform, iso-buty] alcohol, ben- 
zene, toluene and amyl] acetate. Chromatographie procedures using as adsor- 
bents silica gel, alumina, tale and French chalk did not lead to isolation of 
the active principles. Efficient elution from charcoal on to which the anti- 
biotic agents were adsorbed was not effected by such solvents as water, methyl 
alcohol, ethyl alcohol, iso-butyl aleohol and ethy! acetate. 

Acharya (1936, 1937) observed that marked changes in electrokinetic pro- 
perties of charcoal surfaces can be effected by surface coatings of insoluble 
organic acids and bases and as a resuit more versatile charcoal adsorbents have 
been developed. The technique has been advanced to the stage where continu- 
ous fractional adsorption and desorption is possible by manifestation of the 
flotation properties of such coated charcoals, Weiss (1948, 1949). 

The work described in the first part of this paper is concerned with the 
use of activated charcoal coated with (a) oleic acid and (b) diphenylamine for 
the purification of the antibiotic extracts. 


EXPERIMENTAL PROCEDURES AND RESULTS. 


Assay of Extracts. 

During the course of the work all solutions and reagents were tested by the cylinder plate 
assay technique using as test organisms Staphylococcus aureus (designated 8) and Bacteriwm 
typhosum (designated T). The activity as reported in this paper refers to the diameter in 
mm. of the zone of growth inhibition of the bacteria after incubation at 37° C. for 16 hours. 


The Surface Coated Carbons. 


B.D.H. activated charcoal was treated with ethyl alcohol solutions of (a) oleic acid and 
(b) diphenylamine in amounts to give coatings of 0-5 milli equivalents per gm. of charcoal. 
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Adsorption of the Actwe Principles. 


The active principles were adsorbed by shaking 2-5 ml. aliquots of a 10 p.c. aqueous solu- 
tion of freeze-dried extract for twenty minutes at 3°C., with 0-2 gm. of oleic acid coated 
charcoal or with 0-1 gm. of diphenylamine coated charcoal. 

40 p.c. by weight of dry matter was adsorbed by the oleic acid coated charcoal; 25 p.c. 
by the diphenylamine coated charcoal. 

The chloride ion concentration of the original solution was +22 milli equivalents per ml. 
and that of the filtrate after adsorption of the active principle was +19 milli equivalents. 


Elution of the Active Principles. 


The charcoal from the adsorption process was transferred to small flasks and shaken for 
twenty minutes in a refrigerator at 3° C., with 2 ml. aliquots of the following solvents 

HO, M/100 HCl, M/20 HCl, M/100 NaOH, M/20 NaOH, 50 p.c. ethyl aleohol, M/100 
HCl in 50 p.c. ethyl aleohol, M/25 NaOH in 50 p.c. ethyl alcohol. 

Significant quantities of the principle inhibiting the growth of Bacteriwm typhosum were 
eluted by only those solvents reported in Table 1. 


TABLE 1. 


Elution of antibiotic principles in Psalliota xanthoderma from modified charcoal. 











Activity of original solution) 8.16 T. 23 
anne Ne | M/100 HCI in 50 p.c. |M/25 NaOH in 50 p.e. 
Eluting solution 50 p.e. ethyl alcohol 7 ethyl aleohol » / ethyl wo ees P 

A. Activity after elution Ss. | 7. 8. | yl 8. | = 
from oleie acid coated Trace | 17 Trace | 12 Trace | 17 
charcoal. | 

B. Activity after elution 8. | 2 Ss. | 7 8. | = 
from o-phenylamine Trace 21 Trace | 15 Trace 15 

' | | 


coated charcoal. 





Discussion. 


The results show that adsorbent charcoal coated with either oleic acid 
or diphenylamine will remove the antibiotic principles of Psalliota xzanthoderma. 
Effective elution of the principle inhibiting the growth of Bacterium typhosum 
can then be obtained with 50 p.c. ethyl aleohol. The elution of the principle 
inhibiting the growth of Staphylococcus aureus is not efficiently effected by 
similar conditions, thus indicating the adsorption of more than one of the 
antibiotic principles. 

It is of note that the solutions which are effective eluting agents behave 
similarly for both carbons. This could support the view that salt formation 
does not occur by combination of the eluted principle with the compounds 
constituting the charcoal surface. 
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Use or Excuance Resins. 

A limiting factor associated with tests, in vivo, of the antibiotic properties 
of Psalliota xanthoderma is the high salt content of the extracts. Death of 
rabbits resulted after administration and this may be ascribed to potassium 
toxicity. 

Cruz-Coke, Gonzalez and Hulsen (1945) removed the toxie substances 
from erude penicillin by exchange methods. Block (1942) has used ion 
exchangers in the production of arginine, histidine and lysine; Herr (1945) 
has recovered and concentrated thiamine using synthetic ion exchangers. For 
a comprehensive bibliography on the use of exchange resins in biology the 
report of the New York Academy of Sciences (1948) may be consulted. 

In this part of our paper a brief survey is given of the use of the synthetic 
resins Amberlite IR4 (anion exchanger) and Amberlite IR 100 (cation 
exchanger) for the removal of toxic ions from the antibiotic extracts. 

In the first instance the resins were used in the hydrogen ion cycle. The salt content was 
reduced from 0-2 m. eq. per ml. to -010 m. eq. per ml. by passing extracts through cation 
exchange and anion exchange resins in turn, but the activity of the effluent solution was 
markedly reduced. Furthermore, no activity was recovered from the resins by elution with 
4 p.c. HCl or 2N NH,OH, 

Following our observation that an inorganic sodium ion exchanger derived from glauconite 
did not reduce the activity of the extracts, the use of the cation exchanger in the Ca++ and 
Ba++ eycles, followed by precipitation of insoluble sulphates and oxalates was examined. 

Samples of IR 100 were regenerated with CaCl, and Ba (OH)> respectively. 

4 ml. aliquots of the extracts were passed through columns (4 em. X 1 em.) of the modified 
resins, and the resulting barium and calcium ions in the effluent solutions were precipitated with 
either sulphuric or oxalic acid. The results are reported in Table 2. 


TABLE 2. 


Use of Amberlite IR 100 in various cationic cucles. 

















Resin treatment | Activity after precipitating insoluble sulphates 
8. 7. 
CaCl. Regenerated 18 19 
Ba(OH)» Regenerated 18 19 
Original extract | 18 | 19 


Similar results obtained by precipitation of insoluble oxalates must be treated with reserve 
because of the growth inhibiting effects of the oxalate ion on the test organisms. 

From the Table it can be seen that toxic cations can be removed by pass- 
ing the extracts through cation exchange resins followed by precipitation of 
insoluble salts of barium or calcium. 











C. S. HOCKING 


SUMMARY. 


The use of modified activated charcoal for the purification of antibiotic 
extracts of Psalliota xanthoderma is described and an exchange method for 
the removal of toxic ions is also presented. 
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The lungs of new-born guinea-pigs contain a high concentration of hista- 
mine (Trethewie, 1947). There is a possibility that the higher concentration 
of hormones circulating in the blood at term may be an important factor. It 
has been shown previously that Serogan, a preparation of follicle-stimulating 
hormone, causes an increase of 22 p.c. in the histamine content of the lung 
(Trethewie and Gaffney, 1949). Therefore, it was thought worth while to 
determine if the gonadal hormones, oestrin and progesterone and testosterone, 
exerted an influence on the amount of histamine in the lung. As the toxicity 
of histamine appeared to be reduced by the Serogan treatment, it was con- 
sidered desirable to discover if the hormones in the gonads increased the 
resistance of guinea-pigs to the toxic effects of histamine. 


METHop. 
Selection of Animals, 


Fifty-one new-born guinea-pigs were obtained from a constant breeding source. Owing 
to the cold a number of animals died during the first few days of life. The animals were 
randomized and sexed. The control animals were tagged on the left ears and the animals to 
be treated were tagged on the right ears. At the age of two weeks the control guinea-pigs 
were given 0-1 ml. saline, the treated males 0-1 ml. (2-5 mg.) testosterone propionate (B.D.H.) 
and the treated females 0-1 ml. ‘‘Di-menformon’’ (0-1 mg. oestradiol benzoate). Four days 
after the oestradiol benzoate was injected, the female test guinea-pigs were given 0-1 ml. 
‘*Lutocyelin’’ (0-1 mg. progesterone). These hormones are in pure crystalline form. Injec- 
tions were made subcutaneously. After the first injection the animals were placed in a pen by 
themselves. Altogether six injections were made to each guinea-pig at intervals of one week. 
In addition the female test animals were given six injections of progesterone at intervals of 
one week. When the animals were seven to eight weeks of age, the lungs of the survivals of 
Nos. 1-21 and 25 were perfused with Tyrode. 


Lung Perfusion. 


The animals were stunned by a light blow on the head and the lungs perfused for 90 
seconds to remove the blood, by the method of Feldberg and Kellaway (1937). The ventilation 
was 11 strokes/min. and the volume used was sufficient to substitute for normal breathing. The 
Tyrode used was kept at 37° C. during the perfusion. The lungs were cut from the thoracic 
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eavity and connective tissue removed. The lungs were then squeezed repeatedly between filter 
papers, weighed, cut finely with scissors and extracted with Tyrode and sand. This extract was 
boiled. 


Histamine Assay. 


Histamine was estimated as histamine acid phosphate on the isolated jejunum of the 
guinea-pig suspended in Tyrode. 


Histamine Tozicity. 


The remaining twenty-one animals were divided into groups. A different dose of histamine 
was given to each group of animals. Injections were made subcutaneously on an uninjured 
part of the abdomen. Death times were recorded in minutes and the survivals were observed 
for 48 hours and then they were sacrificed. 


EXPERIMENTAL. 


The Influence of Testosterone in Male Guinea-pigs and Oestradiol and Progesterone in Female 
Guinea-pigs on the Histamine Content of the Lung. 


In nineteen instances the histamine content of the lungs of guinea-pigs was estimated. 
Ten animals belonged to the ‘‘test’’ series and nine to the ‘‘control’’ group. In the control 
group the histamine concentrations varied from 38-108 ug/gm. with an average of 76. The 
concentration of histamine in the lungs of test animals varied from 50-147 ug./gm. with an 
average of 93, an increase of 22 p.c. (Table 1). 












































TABLE 1, 
Details of lung histamine estimations in test and control animals. 
Histamine 
| Wt.lungs | Wt. animal] Total ug./gm. 

No. ug./gm. lung] gm. | Total ug. in lungs gm. | animal 

Test | | | | 
1 | 110 | 2-725 | 299-8 355 | 0-844 
2 101 2-055 | 207-6 357 0-581 
5 89 | 2-248 | 200-1 365 0-548 
6 50 2-789 j 139-5 408 0-342 
7 62 | 1-906 | 118-2 337 0-351 
8 133 1-94 258-0 318 0-811 
10 147 1-672 245-8 325 | 0-756 
18 100 1-878 | 187-8 287 0-654 
19 72 | 2-25 | 162-0 308 0-526 
21 | 63 | 2-994 | 188-6 318 0-593 
| Av. 92-7 | Av. 200-7 Av. 0-601 

Control | | 
3 | 50 | 2-184 | 109-2 | 395 0-276 
o | 38 | 2-192 | 83-3 390 | 0-214 
9 105 2-3 241-5 328 0-736 
11 108 1-567 169-2 266 0-636 
12 | 53 | 2-224 | 117-9 344 0-343 
16 80 1-87 | 149-6 | 317 0-472 
17 91 | 1-759 160-1 272 | 0-590 
20 | 100 | 2-222 | 222-2 308 | 0-72 
25 56 | 1-637 | 91-7 257 0-357 

| | 
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The histamine content in the whole lungs was also estimated. This ranged from 83-243 ug. 
in the control (average 149) and 118-300 ug. in the test animals (average 210) an increase of 
35 p.c. When estimated as ug./gm. anima! the figures varied from 0-34-0-84 (average 0-60) 
for the test series and from 0-21-0-74 (average 0-48) for the control series. This is an 
increase of 25 p.c. in the average amount of histamine in the treated animals above the aver- 
age amount in the control group. These differences are not significant statistically. 


TABLE 2. 


The number of guinea-pigs in the upper and lower groups according to the 
total range of the total histamine content of the lungs (ug.). 














No. 
| Below average | Above average 
commen — 
Test | 3 7 
Control | 7 2 








When the animals are grouped into the upper and lower halves of the total range of the 
total histamine content of the lungs, we obtain the values in Table 2. Of the ten animals 
in the treated series, seven are in the upper and three in the lower group and of the nine con- 
trol animals two are in the upper and seven in the lower range. Statistical analysis shows that 
this difference is just on the level of significance (p = 0-0507). 


The Effect of Gonadal Hormone on the Toxicity of Subcutaneously Injected Histamine. 


The remaining twenty-one animals were tested for the toxicity of histamine by subcutan- 
eous injection in doses of 3-6, 4-8 and 6-4 mg./kg. in controls and 4-8, 6-4 and 8-5 mg./kg. 
in treated. It is noted (Table 3) that with the dose of 4-8 mg./kg. none of the four treated 
animals died. On the other hand four out of six of the untreated died. This difference has 


TABLE 3. 


The toxicity of histamine for test and control animals. 


—- 
- a 











mg./kg. histamine Treated Untreated 
3°6 -- SSS 
4:8 SSSs 4+8++8+(+) 
6-4 +8+ ++ 
8-5 +++ 1 








S = Survival. + = Death. 


TABLE 4. 
Mortality of animals following the injection of 4-8 mg./kg. histamine. 


Treated Untreated 














Survivals | q 2 
Deaths | 0 4 (5) 
| 
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a low probability (p= 0-07) when considered as a 2 X 2 table (Table 4). When this is 
taken in conjunction with the general trend of other findings (Table 3) it is probably signi- 
ficant. To increase the number of animals in the control group we obtained at random an 
animal of the same age and from the same stock, with a weight corresponding to the average 
weight of the control guinea-pigs in the group injected with 4-8 mg./kg. Following the injec- 
tion of 4-8 mg. histamine per kilo this guinea-pig died. The only difference between this 
animal and the remainder of the control group is that it was not injected with saline. If this 
animal be accepted as a genuine control and there seems no valid reason against its acceptance, 
the deaths for this dose become five out of seven (Table 3, Table 4, notation in brackets) and 
we obtain significance (p = 0-046) in the 2 X 2 table. Thus it is exceedingly likely that the 
toxicity of histamine is significantly reduced by the prior treatment of the animals with gonadal 
hormone. 


DISCUSSION. 


It has been found that the histamine content of the lungs of new-born 
guinea-pigs is extremely high and the standard deviation is small. At twenty 
weeks the standard deviation is increased to twice that at eight weeks 
(Trethewie, 1947). The histamine content may be a function of some internal 
factor or factors and external ones as well which may account for the increased 
variation. Since there was a significant increase in the number of animals 
with a high histamine content of the lungs following treatment with follicle- 
stimulating hormone (Trethewie and Gaffney, 1949), we have tested the effect, 
in this investigation, of gonadal hormone to determine if the influence is 
similar. This might suggest similarity in mode of action. Since it might be 
interpreted that the effect was a non-specific one due to impurities, we have used 
pure hormones in these experiments. The similarity between the results 
obtained with Serogan and those with peptone (Trethewie and Day, 1948) was 
striking so that it was thought that possibly the Serogan may have acted by 
virtue of the foreign proteins present in the serum. 

We have found in these experiments that while there was not a great 
increase in the histamine content of the lungs of hormone-treated ‘animals 
(22-35 p.c.), a significantly greater number of test animals than control ani- 
mals had a high total histamine content in the lungs. Similar results have 
been obtained previously with Serogan and peptone treatments. It thus may 
be that the treatment with the gonadal hormones enhanced the action of an 
internal factor. From this and previous work we are led to suspect that 
possibly the anterior pituitary hormone and the gonadal hormones are partly 
contributing factors to the high histamine content of guinea-pig lungs at birth. 

In a further group of animals we have investigated the influence of gona- 
dal treatment on the toxicity of histamine. It has been found previously with 
our animals at 10-11 weeks that the l.d.59 for subcutaneous injections of 
histamine is 4-8 mg./kg. and that it rises with age (Trethewie and Day, 1949). 
In this series a dose of 4-8 mg./kg. killed four out of six or five out of seven 
(if the extra control referred to previously is to be accepted) and these animals 
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were 7-8 weeks old. None of the four treated animals injected with this 
dose died. 

When this is compared with the five out of seven deaths in the controls, 
the difference is statistically significant. The trend (Table 3) suggests that the 
l.d.59 for the treated animals lies between 4-8-8-5 mg./kg. This is in agree- 
ment with the markedly different toxicity of histamine for the Serogan-treated 
animals compared with their controls and for the peptone-treated animals com- 
pared with their controls. 


SUMMARY. 


The total histamine content of the lungs was considerably (but not sig- 
nificantly) higher in the animals treated with gonadal hormones than in the 
control animals. When the total amount of histamine in all the lungs was 
averaged there was just a significantly greater number of treated animals in 
the upper half of the range than the number of control animals within the 
same limits, 

A reduced toxicity to a dose of 4-8 mg./kg. histamine was observed in the 
treated group. 

The possible significance of these findings is discussed. 
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